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Profits for dairies... 
in 


HANDI-SQUARES: 


SAVE SPACE, TIME, MONEY! 


Where you had 2 cases of stand- 
ard rounds, now put 3 cases of 
Handi-Squares! More efficient 
use of plant and truck capacity. 
Handi-Squares’ economy con- 
tinues year after year, quickly 
absorbs change-over cost. 


RETAILERS LIKE "EM... STOCK "EM! 


Retailers can store upto 50% 
more milk in refrigerators 
... make more sales, profits 
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space. Milk in returnable 
glass bottles increases traffic, 
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Housewives prefer milk in a 
glass container. They trust its 
protection of milk’s delicate fla- 
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Squares over any other style of 
glass container. 


USE this space 
for your dairy’s name 
trade mark or sales 
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Retempered, retested—ready for precise dairy tests 


Kimble Dairy Glassware 


matches the quality standards of a great industry 


e@ Outstanding quality and “as- 
sured accuracy” have established 
Kimble Glassware as the recog- 
nized standard of the dairy in- 
dustry — for test, analysis and 
control. 

Kimble Dairy Glassware meets 
all Federal and State require- 
ments...passes the most rigid tests 


KIMBLE GLASS ro tepo 1, on10 


Division of Owens-Illinois Glass Company 


for accuracy and serviceability. 

Every piece of Kimble tubing 
is produced to close tolerances 
on precision automatic machines. 
Every finished Kimble piece is 
retempered to give it extra tough- 
ness. Calibrated ware is marked 
with fused-in glass...then retested 
before shipment. 


The Kimble Manual on Dairy 
Testing, 3rd Edition, is still avail- 
able. It is an authoritative digest 
of the latest dairy test practice. 
We'll be glad to send you a copy. 

Kimble Dairy Glassware is dis- 
tributed by leading dairy supply 
houses throughout the United 
States and Canada. 


Look for the Kimble “K", the visible guarantee of invisible quality 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Machine with the oe 
BUILT-IN TUG & PULL 


They made the change because the lively, 
stimulating TUG & PULL of the Surge 
has been doing such a good job of getting 
more milk faster for so many men in so 
many places. 

Many kinds of milking machines will do 
a good job if you give them enough help 
...if you add weights at the right time or 
bear down on the claw at the right time 
-».TUG & PULL is built right into the 
Surge and you don’t have to stand there 
and help it milk. 


IF YOU HAVE been wondering whether the Surge really does milk cows the 
way your neighbor says it does, why not call up your Surge Service Dealer 
and ask him to come out to your farm and show you what a Surge will do? 


wow. BETTER THAN \ 


EVER BEFORE! 


SYRACUSE TORONTO MINNEAPOLIS SEATTLE KANSAS CITY « HOUSTON « EL MONTE (Colif.) ATLANTA 


IN 19485.- MORE THOUSANDS 
OF DAIRY FARME RS 
SWITCHED TO A SURGE 
THAN EVER EFORE | 
it, 
| 
| | Neighbor! 
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ONLY DE LAVAL GIVES YOU, 
UNIFORM MILKING"... 


speed and action of each unit being used. All units must milk alike and 
cannot vary from milking to milking. 

Most other types of milkers have a separate pulsator for each unit and 
great variation in milking speed and action is possible. 

The result is like constantly changing hand milkers...a serious loss of 

Uniform milking gets all the milk—and only the De Laval Magnetic 


Another great new De 
Laval Milker for still bet- 
ter milking at lower cost. 
Stainless’ steel units. 


Your advertisement is being read in every State and in 25 Foreign Countries 


New De Laval World's 
Standard Series Separators 
Cleanest skimming, easi- 
est-to-clean separators 
ever built. Every part milk 
touches is stainless steel. 


New De Laval Speedway 
Water Heater 

De Laval engineered for 

the dairyman. Supplies 12 

full gallons of 185° water. 

“Lifetime” copper tank. 
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: Speedway Milker assures absolutely uniform milking. 
the de Level Separator Company, Dept. 21-Q 
New De Laval 168 Broadway, New York’ 
C De Laval Separators CB Oe Laval Milking Truck 
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BETTER VANILLA 


in Michael’s 
Experimental 
_ Plantation 


‘| PUERTO RICO 


Near the little Spanish town of Mayaguez stands Michael’s “vanillery,” 
where carefully placed vanilla vines, on support-trees, are 
cultivated with tender care. Close by is the U. S. Experimental 
Station, under a joint long-term research agreement with 
David Michael & Co., to the end that better vanilla, greater yield, 
and lower costs may be shared, in turn, with you, the 

manufacturer of ice cream. Look to Michael’s Mixevan for the foremost 

in research, for the finest in vanilla flavoring. 


MICHAEL'S 


—“ America’s Flavorite” 
and other powdered vanilla products 


_MIXEVAN DAVID MICHAEL CO. 


half a century in the flavoring fre 

po D St., Philadelphia 24, Pa. 
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GET IT FROM CHERRY-BURRELL! 


Complete stocks of glassware for all standard 
types of milk, cream and other dairy laboratory 
tests and analyses are maintained by Cherry- 
Burrell Branches and Associate Distributors. 
Special glassware is quickly available. For 
prompt information and service, call or write our 
nearest office. 


CHERRY-BURRELL CORPORATION 
General Sales and Executive Office: 

427 W. Randolph Street, Chicago 6, Ul. 

Milk and Food Plont Equipment and S$ 


FACTORIES, WAREHOUSE s, BRANCHES, OFFICES OR DISTRIBUTORS 
AT YOUR SERVICE IN 56 CITIES 
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ask 


64.3 WHAT COOLER is completely fabricated of stainless steel, even 
AN the headers, swing joints and legs? 
\ 
LN WHAT COOLER will cool any liquid from water to heavy ice 
cream mix in a matter of seconds? 


KAN VS 
i Vi / WHAT COOLER uses direct ammonia for low cost, low tempera- 
> ~\ e ture cooling with greater efficiency? 
7h ) 4 WHAT COOLER through experienced engineering and sturdy 
| \ construction, gives most years of service? 
WHAT COOLER is most popular with dairy and ice cream men? 
WHAT COOLER controls comply with A.S.M.E. regulations? 
WHAT COOLER is easiest to clean and maintain? 


WHAT COOLER fits perfectly into any product processing line? 


its the 


Here's the preferred cooler, with all the features— you'll find a Mojonnier Compact Cooler of the right 
giving greater value for your money than any other _— size and capacity to fit perfectly into your opera- 
unit on the market! Whatever your dairy cooling job, tion from start to finish. Consult us now, write: 


MOJONNIER BROS, CO. ¢ 4601 WEST OHIO STREET * CHICAGO 44, ILLINOIS 


Bulletin No. 180, describing 

th plete line of Mojonni 

wi 


of ? 
right, is ready for you. Write yee 
at 


Your advertisement is being read in every State and in 25 Foreigr. Countries 


COMPACT 
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Only 23% Increase In Price 


Of Gaulin Homogenizers 
In Past 10 Years! 


OU save on first cost as well as operation with the 
GAULIN because the price of the Gaulin Homogen- 


izer has increased only 23% in the past 10 years. 


Compare this increase with other prices! Today the 
|  Gaulin is more rugged, dependable, and economical in 
| operation than ever due to constant research and improve- 

Js / ment. Yet the price increase of the Gaulin Homogenizer 
el ~~ from 1939 to 1949 has been less than for almost any 
other commodity on the market! Continual simplifica- 
tion of machine design plus increased production effi- 
ciency in its modern factory has enabled Gaulin to hold 
the line with this amazingly small price increase. 


Investigate now the many advan- 

tages Gaulin offers you in low first 

cost plus low operating cost. Write 

for free 20-page booklet today! 
Here is an opportunity to benefit from a significant price 
differential. 


NANTON GAULIN MFG. CO., INC. 
Gullit 


< 


44 Garden Street © Everett 49, Mass. 
HIGH PRESSURE PUMPS 


Write Your Congressman Today! 


OLEOMARGARINE 
MUST NOT BE FACTORY COLORED 


This is the one and only request of the dairy industry for oleo legislation. 
Take off all taxes on oleo and all license fees on retailers, wholesalers and 
manufacturers of oleo. 


BUT PROTECT .... 
. . . housewives and restaurant patrons against the passing 
off of yellow oleo as butter . . . at butter prices 


. dairymen against unfair competition in the butter market 


. every American against the ruination of the system that 
provides a steady, year-round supply of fluid milk 


+... the people against a wave of fraud and deception 
- . .. dairy farmers against damage to our pricing structure 
AND PREVENT a new wave of imitation dairy products (cheese, ice cream, and fluid 
milk products filled with vegetable substitutes) which already threatens 
the dairy industry. 
WRITE YOUR CONGRESSMAN TODAY .. . HAVE YOUR FRIENDS 
WRITE HIM TOO! 


“AS BUTTER GOES .. . SO GOES THE DAIRY INDUSTRY” 
The Holstein-Friesian Association of America 


Brattleboro, Vermont 


Your advertisement is being read in every State and in 25 Foreign Countries 
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BETTER THINGS FOR BETTER LIVING 
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UREA 


FOR RUMINANTS IN 


Feed Compound by Du Pont 


DU PONT ““T'wo-Sixty-Two”’ is a controlled product of high 
quality which has been used successfully and effectively in 
more than 2,000,000 tons of commercially mixed feeds for 
cattle and sheep. It is based on urea, chemically known as 
carbamide, manufactured by Du Pont. ‘‘Two-Sixty-Two” 
Feed Compound contains 42% nitrogen which can be uti- 
lized by ruminants as a source of protein. 

Extensive research at many of the leading Agricultural 
Experiment Stations has proved that synthetic urea is a 
completely satisfactory and reliable source of protein for 
ruminants when used as directed. This research covered the 
important phases of feed utilization of ruminants from both 
a nutritional and a physiological point of view. 

A summary of this information is available along with a 
bibliography of the research work on the feeding of synthetic 
urea to ruminants. This summary and a new booklet on the 
use of ‘“T'wo-Sixty-Two” in ruminant feeds may be obtained 
by writing E. I. du Pont de Nemours & Co. (Inc.), Ammonia 
Dept., Wilmington 98, Delaware. 


““TWO-SIXTY-TWO"’ IS A TRADE MARK, REG. U. 8. PAT. OFF. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Wyandotte farm sanitation pays double dividends 


REMOVES 
SCALE stains FMS | 


WYANDOTTE CHEMICALS CORPORATION 
WYANDOTTE, MICHIGAN e SERVICE REPRESENTATIVES IN 38 CITIES 


ComPLETE sanitation on the farm is 
good insurance that your farmer- 
producers will ship you cleaner milk 
and cream with lower bacteria 
counts. This means more income for 
your producers. It also means that 
you can make (1) higher quality 
products and (2) greater profits. 
Wyandotte can supply you with 


all the cleaning materials your 
farmer-producers need, in convenient 


‘dairy-farm packages. 


W yandotte G.L.X.*, which comes 
in a multi-purpose 9-lb. metal pail, 
is a balanced, soapless compound, 
containing wetting agent, for remov- 
ing milk residues from milking 
machines and other equipment. 
Wyandotte Steri-Chlor* is a safe, 
effective germicide for use on all 
utensils and for washing cows’ 
udders. It comes in 2 and 5 Ib. pack- 
ages. Wyandotte S.R.-10 is a posi- 
tive milkstone remover. It is readily 
soluble, fast-acting and easy on the 
hands. Wyandotte Neosuds* is a 
sudsing but soapless compound for 
use where a higher content of wetting 
agent is preferred. 


Get all the facts on this complete 
farm sanitation program from your 
nearest Wyandotte Representative. 

* Registered trade-mark 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE GAS REQUIREMENTS OF MOLDS. V. THE MINIMUM OXYGEN 
REQIREMENTS FOR NORMAL GROWTH AND FOR GERMI- 
NATION OF SIX MOLD CULTURES"? 


D. D. MILLER? anp N. 8. GOLDING 


Division of Dairy Husbandry, Agriculture Experiment Station, 
State College of Washington, Pullman 


Most people assume that molds require abundant oxygen for growth, because 
molds usually are seen growing on the moist surfaces of substances. This, in a 
‘very general way, is correct but establishes no idea of the amount of oxygen 
required for normal growth or the amount required for germination of the many 
species of molds. The effect of the temperature and solubility of oxygen is even 
less understood. ; 

The purpose of this study was to determine the minimum oxygen required 
for normal growth and the minimum oxygen required to permit germination of 
six pure cultures of mold in the presence of nitrogen and the almost complete 
absence of carbon dioxide. Since both temperature and gas pressure change the 
solubility of oxygen in the medium, several variations in both of these factors 
were included. 

LITERATURE 


The literature pertaining to much of the work on the gas requirements of 
molds has been reviewed by Golding (7, 8). The available literature on the 
oxygen requirements of molds is limited, with many research workers assuming 
that abundant oxygen is required for normal growth (5, 6, 11, 12). However, 
there is available work which shows that various species of molds can grow in 
very limited supplies of oxygen (1, 3, 16, 17, 18, 19). In several cases molds 
have given good growth in oxygen concentrations of less than 1 per cent (2, 
4,13, 15). 

In a previous paper, Golding (9) has shown that the effect of carbon dioxide 
on the growth of various molds must be based on the solubility of carbon dioxide 
in the medium or mycelium. He also has shown that possibly a similar inter- 
pretation may have to be given to the effect of oxygen concentrations on molds. 

Received for publication July 23, 1948. 

1 Published as Scientific Paper no. 784, College of Agriculture and Experiment Stations, 
Institute of Agricultural Sciences, State College of Washington, Pullman. 

2 American Dairy Association Research Grant and in cooperation with the Washington 
State Dairy Products Commission. 

3 The experimental data in this paper are taken from a thesis submitted by the senior 
author in partial fulfillment for the degree of Master of Science in Agriculture, 1948. 
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MATERIALS AND METHODS 


Cultures. The following cultures from previous studies (8, 9) were used: 
Aspergillus flavus d, Aspergillus niger 14, Penicillium expansum 69, Oospora 
lactis m, and Penicillium roqueforti 33. Penicillium notatum NRRL‘ 832 also 
was used. This latter mold was purified by the usual pour plate technique (8), 


Fie. 1. The internal apparatus in each incubator. 


using Difco malt agar as the medium. These species were chosen because of their 
wide difference in physical characteristics and temperature requirements, and 
because of their economic importance in food spoilage and in various manufac- 
turing processes. 
The same batch of Difco malt agar was used throughout for all plates and 
4 Northern Regional Research Laboratory. 
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slants used in all experiments. The cultures of mold for inoculation of the 
plates were grown on malt agar slants at approximately 75° F. for 10 days. 
The preparation and inoculation of the plates were identical with the previous 
studies (7, 8,9). After inoculation, which required approximately 1 hour, the 
plates were inverted, placed in their respective incubation chambers and incu- 
bated for a 7 day period. 

Iucubation. The same battery of incubators was used as in the previous 
studies (7, 8, 9). Figure 1 shows the internal apparatus in each incubator. 
The temperature of each incubator was controlled by a thermostat C. To allow 
either a vacuum or a pressure under which to grow the molds in the incubation 
chamber, 8-quart (All-American Queen) pressure cookers D were used, each 
being fitted with an inlet E and an outlet F which allowed pressure rubber 


Wooden 


Bottle to prevent splashing — 


Fic. 2. A cross-section drawing of each cooker. 


tubing connection. A pressure-vecuum gauge G@ was fitted to the outlet con- 
nection F. Figure 2 shows a cross-section drawing of each cooker D. In the 
bottom of each cooker D, a pyrex bowl H was placed containing saturated am- 
monium sulfate solution which controlled the humidity inside the cooker D at 
approximately 80 per cent. A similar method of humidifying has been used 
in previous studies (8). A perforated glass tubing I was so constructed as to 
be attached to the inlet Z by rubber tubing, and thereby allowed the gas to 
bubble through the saturated ammonium sulfate solution before being a part of 
the gas supply of the cooker D. 

Preceding the inlet HZ, a series of bubbling botties J were placed and the 
gas used was bubbled continuously through 5 per cent sodium hydroxide solu- 
tion to remove the carbon dioxide. Thus, the gas used contained a mixture of 
oxygen and nitrogen at a constant composition during the 7-day incubation 
period. Gas analysis established this composition. 


i 
| 
J 
RS 
Clamp 
Rubber 
y Tubing 
Perforated 
Plate 
AEN 
Block 
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Two tested thermometers K were placed one on either side of the cooker D 
and read and recorded each morning and evening. The average reading of 
these thermometers was considered as the temperature of incubation for the 
period. Each cooker was surrounded by a wooden box L toj shield the cooker 
from the heating source. The slight variations in temperature from day to 
day seldom exceeded 2° F. 

Control of gas supply. Figures 3 and 4 show the arrangement which al- 
lowed a continuous circulating system of gas supply by the use of a gas reser- 
voir M and a Kelvinator refrigerator pump N. The gas reservoir was a 24 
cubie foot cylindrical tank in which the desired oxygen concentration was ob- 


Fig. 3. Gas storage and circulation equipment. 


tained by the use of air and dry nitrogen. A pressure of at least one atmosphere 
above the desired pressure in the cookers was maintained in this reservoir. By 
the use of a reducing valve O, the desired pressure in the cookers was regu- 
lated. Seamless copper tubing P carried the gas from the reservoir to the 
cookers and back through the refrigerator pump into the reservoir. An oil 
trap Q preceded the reservoir. This system gave a continuous flow of a de- 
sired concentration of gas over the inoculated petri dishes. To maintain the 
same gas concentration inside the petri dishes as was in the remainder of the 
cooker, it was found necessary to vary the pressure inside the cookers. This 
was accomplished by placing a roller R on a cam and gearing down so that the 
cam rotated once each 40 seconds. The roller cut off the gas supply by pres- 
sure on the rubber tubing which connected the reducing valve to the seamless 


: 
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copper tubing. The method caused a fluctuation ranging from 10 to 20 mm. 
pressure above the plates each 40 seconds. Preliminary tests proved that such a 
condition gave more uniform growth between the same culture in different petri 
dishes under like conditions. 

Gas analysis. The gas flowing through the system was analyzed every 
other day during the growth period. A Burrell-Haldane cabinet model gas 
analysis apparatus was used. The average of all analyses during the growth 
period was taken as the concentration of gases for that experiment. 

Measurement of colony. The measurement of colony was identical with a 
previous stvdy (8). . 


Re 


Fie. 4. Gas pressure control apparatus. 


Expression of growth. Graphs were obtained by plotting the millimeters of 
growth as the ordinate and the volume of oxygen at normal temperature and 
pressure soluble in 1000 volumes of water as the abscissa (fig. 5). The milli- 
meters of growth were obtained by interpolation from growth curves (14) simi- 
lar to those used in previous studies (8,9). It was assumed that the volume of 
oxygen soluble in the culture medium was the same as its solubility in water. 

The volumes of oxygen at normal temperature and pressure soluble in 1000 
volumes of water were obtained by the following formula: 


mm. pressure _ partial oxygen volumes oxygen 
less vapor pressure absorption at N.T.P. soluble 
pressure of oxygen coefficient x 1000 - 12 1000 volumes 


760 of water 


| 
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Example: Qospora lactis grown at 75° F. and 0.312 per cent oxygen showed by 
interpolation from growth curves a diameter of 48 mm. The average pressure 
during growth was 694.2 mm. mercury. 


Thus: 22:3 0.312 9.92886 x 1000 = 0.080 volumes oxygen at 
760 100 N.T.P. soluble in 
1000 volumes of water 


EXPERIMENTAL 


Figure 5 shows the effect of dissolved oxygen in water on the growth of six 
species of molds at various pressures. The figure shows that there is no sig- 
nificant difference in rate of growth between approximately 0.5, 1 and 2 at- 
mospheres pressure, and that the effect of inhibition of growth is dependent 
upon the volume of oxygen dissolved in water. In air the volume at normal 
temperature and pressure of oxygen soluble in 1000 volumes of water ranged 
from 22.1 at 0.5 atmosphere and 85° F. to 132.9 at 2 atmospheres and 55° F. 
All six molds reached their normal growth in air at all temperatures before the 
volume of oxygen at normal temperature and pressure reached one part soluble 
in 1000 volumes of water. Therefore, for simplicity the curves are not ex- 
tended beyond that concentration in this paper, but are completed in the 
thesis (14). 

The optimum growth of the six cultures of mold were as follows: O. lactis, 
85° F.; P. roqueforti, 77° F.; A.-flavus, 90° F.; A. niger, 93° F.; P. expansum, 
76° F.; P. notatum, 75° F. Since each culture had approximately the same 
break in the curve at all growing temperatures at a given oxygen solubility 
(a function of temperature and pressure), only the 75° F. growth curve for 
each is given. 

O. lactis was not inhibited significantly until the oxygen supply was below 
0.3 volumes soluble in 1000 volumes of water. This culture still showed growth 
in 7 days when the volume of oxygen soluble in 1000 volumes of water was too 
small to measure by analysis. 

P. roqueforti was inhibited significantly when the dissolved oxygen reached 
approximately 0.78 volumes of oxygen soluble in 1000 volumes of water. No 
germination in 7 days was recorded at approximately 0.08 volumes of oxygen 
soluble in 1000 volumes of water. 

A. flavus was inhibited significantly at approximately 0.38 volumes of oxy- 
gen soluble in 1000 volumes of water. No germination in 7 days was obtained 
when 0 volumes of oxygen soluble in 1000 volumes of water were used. 

A. niger was inhibited significantly at approximately 0.56 volumes of oxygen 
soluble in 1000 volumes of water. No germination in 7 days was obtained at 
0.01 volumes of oxygen soluble in 1000 volumes of water. 

P. expansum was inhibited significantly at approximately 0.56 volumes of 
oxygen soluble in 1000 volumes of water. No germination in 7 days was ob- 
tained at approximately 0.04 volumes of oxygen soluble in 1000 volumes of 
water. 


| 
i 
4 } 
| 
| 
| 
| 
i 
‘ 
| 
4 
| 
i 
| 
| 


60 


OXYGEN REQUIREMENTS OF MOLDS 


Aspergillus flavus 
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Fig. 5. The effect of dissolved oxygen on the growth of molds at 75° F. 
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P. notatum was inhibited significantly at approximately 0.8 volumes of oxy- 
gen soluble in 1000 volumes of water. No germination in 7 days was obtained 
at approximately 0.06 volumes of oxygen soluble in 1000 volumes of water. 

The various curves show that the amount of dissolved oxygen required for 
inhibition of growth varies from QO. lactis as the lowest to P. roqueforti as the 
highest. The sequence of the six cultures was O. lactis, A. flavus, A. niger, P. 
expansum, P. notatum and P. roqueforti. 


DISCUSSION 

From the data presented, it is shown that when the growth of molds is not 
restricted due to lack of oxygen, pressures of 0.5, 1 and 2 atmospheres do not 
significantly influence growth. It is seen that the oxygen supply must be quite 


* low before any restriction of growth of the molds takes place. When this re- 


duction occurs, the oxygen requirement of molds is dependent upon the dis- 
solved gas in the medium or mycelium and not directly with the composition 
of oxygen in the gas above the medium. Where restriction of growth occurs 
due to low oxygen, the supply of this gas to the mold is influenced by the ab- 
sorption coefficient and Henry’s law. These data verify the previous study (9), 

Workers who study the effect of oxygen and possibly other gases on mold 
growth at various temperatures and pressures must convert their data to terms 
of dissolved gases rather than using the data on the gas composition above the 
medium. Otherwise, the results obtained will be useful only where exactly the 
same temperature and atmospheric conditions exist. 

The amount of dissolved oxygen used in this experiment ranged from 132.9 
to 0 volumes of oxygen at normal temperature and pressure soluble in 1000 
volumes of water. No appreciable effect was noted on any of the six cultures 
used until the volume of oxygen was below 0.8 volumes of oxygen soluble in 
1000 volumes of water. Therefore, the amount of dissolved oxygen required 
for normal growth of various species of molds is exceedingly low. 

There is a noticeable difference in the oxygen requirements of different spe- 
cies of molds. Of the six cultures used in this experiment, P. roqueforti showed 
the greatest amount of inhibition of growth at low volumes of dissolved oxygen. 
Inhibition of growth began at 0.8 volumes of oxygen soluble in 1000 volumes of 
water. OQ. lactis, on the other hand, did not show appreciable inhibition of 
growth until 0.3 volumes of oxygen soluble in 1000 volumes of water was reached. 
The other four cultures ranged between these extremes. 

The amount of dissolved oxygen required for germination at temperatures 
which give growth in a 7 day period was extremely low for the cultures studied. 
O. lactis showed appreciable growth when the dissolved oxygen content was too 
low to measure by the Burrell-Haldane gas analysis apparatus. All cultures 
germinated at a dissolved oxygen content above 0.08 volumes of oxygen soluble 
in 1000 volumes of water. 


CONCLUSIONS 


1. The oxygen requirements of O. lactis, P. roqueforti, A. flavus, A niger, 
P. expansum and P. notatum were studied at various percentages of oxygen 
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above the medium at various temperatures and pressures. It was found that 
the inhibiting effect of reduced oxygen is in proportion to its solubility and 
not directly in proportion to the composition of the gas above the medium or 
mycelium. Pressures between 0.5 and 2 atmospheres in air do not affect the 
oxygen requirements of the cultures studied. 

2. No inhibitory effect on any culture was noted until the dissolved oxygen 
was below 0.8 volumes of oxygen at normal temperature and pressure soluble 
in 1000 volumes of water. 

3. Complete stoppage of germination of any culture for 7 days was not ob- 
tained until the dissolved oxygen content was below 0.08 volumes of oxygen at 
normal temperature and pressure soluble in 1000 volumes of water. QO. lactis 
showed appreciable growth when no measurable oxygen was present. 

4. There is a significant difference in the oxygen requirements of different 
species of molds. Of the six cultures studied, O. lactis required the least oxygen 
and P. roqueforti the most. 
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DETERMINATION OF NITROGEN IN MILK BY DIRECT 
NESSLERIZATION OF THE DIGESTED SAMPLE 


J. H. HETRICK anp R. M. WHITNEY}? 
Dean Milk Company, Rockford, Illinois 


Interest in the changes in the protein fractions present in milk due to both 
season and treatment made it necessary to develop a rapid method for the deter- 
mination of nitrogen. The macro and even the semi-micro methods presented’ 
in the literature were not sufficiently rapid to allow for a large enough number 
of determinations to yield the information desired. 


HISTORICAL 


Since the inception of the Kjeldahl (7) method for the determination of 
organic nitrogen, a large amount of research has been done, broadening its ap- 
plication and improving its technique. It has been applied on a macro, semi- 
micro and micro scale in innumerable instances. An excellent review and 
bibliography of the work has been supplied by Bradstreet (3). This method 
long has been used in the determination of nitrogen in dairy products and is 
employed as the official method of the Association of Official Agricultural Chem- 
ists (2). As outlined in the macro scale, it is time-consuming, especially when 
fractionation of the organic nitrogen components of milk is desired. Rowland 
(10) and Menefee and Overman (9), in recognizing this, have developed semi- 
micro methods which have reduced considerably the time required for a deter- 
mination. However, even these methods require fairly long digestion time and 
additional time for distillation and titration of the ammonia formed. "When 
small amounts of ammonia are present in the sample or when micro samples are 
used, advantage has been taken of the Nessler reaction in place of titration. In 
the majority of cases (5), the Nessler reagent was added to the distillate or to 
a solution of ammonia obtained by aspirating air through the digested solution 
and into distilled water, in order to eliminate interferences present in the sample. 
However, in the cases of blood and urine (8), direct nesslerization of the digested 
mixture has been employed. Kieferle and Gloetzl (6) applied direct nessleriza- 
tion to the serums obtained in the study of the action of a large number of pre- 
cipitants upon the milk proteins. The work presented in this paper consists of a 
further investigation and modification of their technique and its application to 
the study of the organic nitrogen constituents of milk. 


METHOD 
Reagents: 
(a) NH,-free water: Prepare by redistilling distilled water in a 2-1. all-Pyrex 
glass still in the presence of 10 ml. of concentrated H,SO,. The distillate 
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should be tested according to the following procedure and discarded if 
it contains any NH;, as indicated by the test. 

(b) K.SO,, low nitrogen content. - 

(ec) H.SO,, C. P., low nitrogen content. 

‘d) H,O., 30 per cent. 

(e) Gum acacia solution 2 per cent w/v: Dissolve 2 g. of good-quality pow- 
dered gum acacia in NH;-free water in a 100 ml. volumetric flask and 
make up to volume. Add 1 ml. of CCl, as a preservative. This solu- 
tion should be clear and should be discarded when turbidity develops. 

(f) Nessler’s Reagent: Dissolve 50 g. of KI, C.P., in 35 ml. of cold NH;-free 
water and add a saturated solution of HgCl., C.P., until the orange pre- 
cipitate formed persists. Add 400 ml. of an approximately 9 N NaOH 
solution (360 g. of NaOH, C.P., in 1 1. of NH;-free water) and dilute the 
resultant solution to 1 1. with NH;-free water. This solution should be 
allowed to stand for several days before use, in order for equilibrium to 
be established. 

(g) Standard NH,Cl stock solution (1 ml.<-1 mg. N): Dissolve 1.9090 g. 
of NH,Cl, C.P., in NH;-free water and dilute to volume in a 500 ml. 
volumetric flask. Before using, dilute this solution further with NH;- 
free water so that 1 ml. < 0.01 mg. N. 

(h) K,Cr,0; solution 1 per cent w/v: Dissolve 1 g. of K,Cr,0;, C.P., in dis- 
tilled water and make up to 100 ml. 


Apparatus: 
(a) Weight pipettes with weighing cross, if liquids are used. 
(b) Analytical balance and weights. 
(c) Micro-Kjeldahl digestion rack. 
(d) Micro-Kjeldahl flasks, calibrated to contain 50 ml., if it is desired. 
(e) Glass beads, washed with concentrated H.SO, and thoroughly rinsed with 
NH,-free water. 
(f) Small measuring spoon, to contain approximately 0.4 g. of K.SQ,. 
(g) Spectrophotometer with accessories (Coleman-Model 11). 
(h) Standard calibrated glassware. 


Permanent color blank. Transfer a measuring spoonful of K,SO,, 0.5 ml. of 
concentrated H.SO,, one glass bead and 12.5 ml. of NH;-free water to each of 
five micro-Kjeldahl flasks and digest on the rack for exactly 3 minutes after the 
appearance of SO; fumes. Cool and add three drops of 30 per cent H,O,, being 
sure that it falls directly into the liquid in each flask. Digest for exactly 3 
minutes more, ¢ool to room temperature, dilute with NH;-free water, add 1 ml. 
of 2 per cent gum acacia solution and make up to 50 ml. with NH,-free water. 
Transfer 10 ml. aliquots to test tubes and place the tubes in a thermostat at a 
convenient temperature + 1.0° C. (in this study the temperature selected was 
23° C.). Add exactly 2 ml. of Nessler’s reagent to each tube and measure the 
percentage transmission on the spectrophotometer at 420 my» 10 minutes after 
the addition of the reagent, using distilled water as a blank. These values should 
not deviate from each other by more than the instrumental error. 
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To a series of test tubes containing 10 ml. of distilled water, add 0.1, 0.2, 0.3 
and 0.5 ml. of 1 per cent K,Cr,0; solution and measure the percentage trans- 
mission at 420 my on the spectrophotometer, using distilled water as a blank. Plot 
the percentage transmission against the concentration of K,Cr,0; on semi-log 
graph paper, and from the curve obtained, determine the concentration of K,Cr,0, 
necessary to yield the same percentage transmission as the average of the 
reagent blanks. Figure 1 illustrates this process. Make up a K,Cr,0,; solution 
of this concentration to use as a permanent color blank. The required strength 
of this solution will vary with the nitrogen content of the reagents used. For 
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Fig. 1. Relationship between percentage transmission at 420 my and concentration of 
K,Cr,0, solution. 


comparison purposes, the solution used in this study consisted of 6.0 ml. of 1 per 
cent K,Cr,0, diluted to 500 ml. ; 

Standard curve of percentage transmission vs. nitrogen concentration. 
Transfer a measuring spoonful (~ 0.4 g.) of K,SO,, 0.5 ml. of concentrated 
H.SO, and one glass bead to each of a series of ten micro-Kjeldahl flasks con- 
taining 2, 6, 8, 10, 11, 12, 13, 14, 15 and 16 ml. of the standard NH,Cl solution 
(1 ml. = 0.01 mg. N), and proceed as in the determination of the reagent blank 
with the exception that the percentage transmission is measured at 420 mp with 
the K,Cr,0, permanent color blank as a reference in place of distilled water. 
Plot the percentage transmission values obtained against the number of milli- 
grams of nitrogen per 50 ml. of digested solution as indicated in figure 2. 
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Analytical procedure. Transfer approximately 1 g. of milk, weighed ac- 
curately in a weight pipette on an analytical balance, to a 500 ml. volumetric 
flask and dilute to the mark with NH;-free water. A 12.5 ml. aliquot of this 
solution then is transferred to a micro-Kjeldahl flask. The procedure used in 
establishing the standard curve is followed except that the solution should fade 
from a dark-brown to a straw-yellow before the timing of the 3 minutes of addi- 
tional digestion is begun. From the value obtained for the percentage trans- 
mission at 420 my on the spectrophotometer, the amount of nitrogen present in 
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N mg/ ml. 
Fig. 2. Relationship between percentage transmission at 420 my for the Nessler reagent- 
ammonia complex at various concentrations. 


the aliquot used can be determined from the standard curve. This value in turn 
can be used to calculate the percentage nitrogen in the sample. 


RESULTS 


The Relationship Between the Wave Length and the Percentage Transmission 
of Light by Solutions of the Nessler Reagent-Ammonia Complex. The percent- 
age transmission vs. the wave length curves obtained vary considerably, depend- 
ing upon the particular Nessler reagent used, the amounts of various reagents 
present, the concentration of ammonia present, the temperature of color develop- 
ment and the manner of addition of the reagents. This is believed to be due to 
the colloidal nature of the colored complex formed. These various factors would 
influence the size and composition of the particles formed. No attempt was made 
to study these phenomena in detail, but sufficient preliminary work was done to 
establish the dependence of the color obtained upon the above factors. For the 
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Fig. 3. Percentage transmission vs. wave length curves for the Nessler reagent-ammonia 
complex at various concentrations. 
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particular method in this paper, the percentage transmission vs. wave length 
curves obtained with distilled water as a blank are given in figure 3 for several 
concentrations of ammonia. A decided shift in the minimum transmission to- 
ward longer wave lengths with increasing concentrations of ammonia can be 
noted. When this data is plotted as the logarithm of the quotient obtained by 
dividing the percentage transmission for the solution containing no added am- 
monia by the percentage transmission of the solution containing added ammonia, 
vs. the wave length, the curves in figure 4 are obtained. These curves all show 4 
maximum at 420 mp which indicates the point of maximum absorption for the 
Nessler reagent-ammonia complex. It also may be noted that the colored com- 
plex does not follow the Bouguer-Beer-Lambert Law, since the absorption is not 
a linear function of the concentration. The wave length of this maximum will 
be a function of the Nessler reagent used and therefore, for the most accurate 
work, should be determined by each investigator for the Nessler reagent that 
he uses. 

Effect of concentration of K,SO,. Since Self (11) observed that ammonia 


TABLE 1 


Effect of concentration of K.SO, upon the nitrogen values obtained by direct Nesslerization 
(0.9244 g. sample of milk) 


Sample no. Wt. K.SO, Concentration Nitrogen 
(9-) (%) (mg. N/50 ml.) (%) 
1 0.0000 32.9 0.1070 0.463 
2 0.1989 32.9 0.1070 0.463 
3 0.4024 31.6 0.1115 0.482 
4 0.6024 31.8 0.1110 0.480 
5 1.0000 40.0 0.0870 0.376 


was lost during digestion when the ratio of K,SO, to H,SO, used was favorable 
for the formation of the acid sulphate, it was thought wise to check the effect of 
variations in the concentration of K,SO, used upon the amount of nitrogen ob- 
tained by this method. Therefore, five separate analyses were made on the same 
sample of milk with varying amounts of K,SO,. The results are given in table 1. 

Sample 1, to which no K,SO, was added, did not become straw-yellow until 
after the addition of 30 per cent H.O,. Sample 5 solidified in a hard cake and 
sputtered badly upon addition of 30 per cent H.O,. These results indicate that, 
as long as the amount of K,SO, added is not less than approximately 0.4 g. nor 
more than approximately 0.6 g., satisfactory results can be obtained. Therefore, 
the use of a measuring spoon is sufficiently accurate for the addition of K,SQ,. 
Smaller amounts should be avoided because of the difficulty in obtaining complete 
digestion. Larger amounts may cause loss of ammonia due to acid-sulphate form- 
ation. 

Effect of concentration of H,SO,. In order to determine the accuracy with 
which the concentrated H.SO, must be measured so that it does not influence the 
results of the test, four complete analyses were made of the same sample of milk 
to which varying amounts of concentrated H,SO, had been added. The results 
are given in table 2. 
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TABLE 2 


Effect of concentration of H,SO, upon the nitrogen values obtained by direct Nesslerization 
(0.9244 g. sample of milk) 


Vol. H,SO, Transmission 


Sample no. (cone.) (420 my) Concentration Nitrogen 
(ml.) (%) (mg. N{50 ml.) (%) 
1 0.1 89.0 0.0112 0.048 
2 0.3 32.1 0.1095 0.474 
3 0.5 31.8 0.1110 0.480 
4 0.7 31.9 0.1105 0.478 


From these figures, it can be seen that from 0.3 to 0.7 ml. of concentrated 
H.SO, is sufficient for complete digestion of the sample. Sample 1 behaved 
similarly to sample 5 in the above series. 

Effect of quantity of 30 per cent H,O,. To determine the limits within which 
the amount of H,O, added must be controlled, four complete analyses were made 
of the same sample of milk to which varying amounts of 30 per cent H,O, had 
been added. Table 3 shows the results of this study. 


TABLE 3 


Effect of quantity of 30% H,O, used upon the nitrogen values obtained by direct Nesslerization 
(0.9244 g. sample of milk) 


Sample no. 30% H,O, Concentration Nitrogen 
: (No. drops) (%) (mg. N/50 ml.) (%) 
1 0 32.0 0.1090 0.472 
2 1 32.4 0.1085 0.470 
3 3 32.0 0.1090 0.472 
4 5 32.0 0.1090 0.472 


Apparently the amount of 30 per cent H,O, is not an important factor in the 
determination. However, since in all Kjeldahl digestion procedures encountered 
in the literature additional catalysts or oxidizing agents are used, it was thought 
desirable to retain the use of H,O, as an additional precaution against incomplete 
digestion, even though in this sample it was not necessary. 

Effect of concentration of gum acacia. When no protective colloid, such as 
gum acacia, is used, the ionic strength of the solution to which the Nessler re- 
agent is added is so high that turbidity develops in the sample. In order to 


TABLE 4 


Effect of concentration of gum acacia upon the nitrogen values obtained by direct Nesslerization 
(0.9244 g. sample of milk) 


Vol. 2% Transmission 


Sample no. gum acacia (420 my) Concentration Nitrogen 
(ml.) (%) (mg. N/50 ml.) (%) 
1 0.0 31.0 (turbid) 0.1120 0.485 
2 0.5 32.3 0.1085 0.470 
3 1.0 32.0 0.1090 0.472 
4 1.5 31.4 0.1110 0.480 
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check the effect of the concentration of gum acacia upon the nitrogen values ob- 
tained by the direct nesslerization method, four analyses of a sample of milk 
were made with additions of varying amounts of 2 per cent gum acacia solution. 
The results are shown in table 4. 

From these values, it can be seen that 0.5 ml. or more of 2 per cent gum 
acacia solution is necessary in order to prevent turbidity. There is some in- 
dication, although it is within the limits of experimental error, that the gum 
acacia contains some free ammonia. However, slight errors in measurement 
of the volume of 2 per cent gum acacia will not affect the results seriously. 

Effect of Nessler reagent. Several different formulae for the preparation of 
Nessler reagent appear in the literature (8,6). However, only two were tested 
in this work. The procedure described by Kieferle and Gloetzl (6) was used 
first, but, after preliminary investigation, the reagent described in ‘‘The Stand- 
ard Methods for Examination of Water and Sewage’’ (1) was selected due to 
its ease of preparation and sensitivity. This selection is not to be interpreted 
to mean that the reagent described by Kieferle and Gloetzl is not satisfactory, 
but merely indicates the authors’ preference. The preliminary work also in- 
dicated that wide variations in the character of the color developed could be 
expected with variations in the concentration of Nessler reagent relative to that 
of the other ingredients. 

Effect of temperature on color development. In preliminary work, difficulty 
was encountered in reproducing precentage transmission vs. concentration curves 
on successive days, especially when the room temperature had changed notice- 
ably. Therefore, the effect of temperature upon the color developed was in- 
vestigated with solutions of four different concentrations of NH,Cl at three 
different temperatures each. Figure 5 shows the results obtained. The values 
for the 0.00 mg. N sample were determined with distilled water as a blank, while, 
for the other concentrations, the K,Cr,0; permanent color blank was used. 
Since the accuracy of temperature control was only + 1° C., no conclusions 
should be drawn concerning the form of, the function expressing the relation- 
ship between the intensity of the color and the temperature of color development. 
Straight lines have been drawn connecting the values obtained as a first approxi- 
mation in order to estimate the tolerance permissible in temperature control. 
Since the accuracy of reading the percentage transmission is + 0.5 per cent, the 
temperature should be controlled to at least + 1° C. 

Effect of time of color development. Preliminary work indicated that the 
intensity of the color increases with the time of color development. In order to 
determine the most desirable time and the accuracy to which it should be con- 
trolled, several solutions of different concentrations of NH,Cl were made up in 
the manner employed in the establishment of the standard curve and the per- 
centage transmission measured at time intervals. Figure 6 gives the results 
of this study. The color appeared to increase in intensity throughout the 24- 
minute period during which it was followed. Therefore, 10 minutes was selected 
as a convenient time interval for color development. From the curves, it can 
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be seen that it is necessary to control this time to + 3 minutes for the lowest con- 
centration and to + 6 minutes for the highest. 

Reproducibility of Results and a Comparison with Values Obtained by a 
Modified Kjeldahl-Gunning-Arnold Method. Several analyses of two different 
milk samples by the method outlined in this paper and by a macro Kjeldahl 
method were made. The macro method used was the Kjeldahl-Gunning-Arnold 
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Fic. 5. Effect of temperature of color development on percentage transmission at 420 mu 
of the Nessler reagent-ammonia complex at various concentrations. 


method outlined in the Official and Tentative Methods of Analysis of the Associa- 
tion of Official Agricultural Chemists (2) with the following modifications. Sel- 
enized granules were added as an additional catalyst in the digestion procedure, 
and a boric acid solution containing the mixed indicator, methyl-red and methyl- 
ene blue, as described by Menefee and Overman (9), was used as a receiver for 


. 


the ammonia in place of standard 0.1 N HCl. 
titrated with 0.1 N HCl to the original gray color of the indicator. 
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with their standard deviations are found in table 5. 


I-0.00 mg. N/50 mL. 
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The ammonia collected then was 
These results 
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to be 1.52 per cent of the mean nitrogen value. 
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Fie. 6. Effect of time elapsing after Nesslerization on percentage transmission at 420 mu 
of the Nessler reagent-ammonia complex at various concentrations. 


The percentage deviation for each test from the mean of its series was cal- 
culated for the values obtained by direct nesslerization. 
deviation for these percentage deviations, defined as o = 
By applying the table for the y? 


16 18 20 22 24 


The optimum standard 


was calculated 
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function (13) and the formula, ,? = -, it was found that, with 90 per 


(n-1) 
o 
cent certainty, the true standard deviation, o* would not be greater than + 1.98 
per cent of the mean nitrogen value. From this figure for the true standard de- 
viation and probability tables, it is possible to predict, with 90 percent certainty, 
that nine times out of ten the results of a single analysis will fall within the limits 
of + 3.25 per cent of the true nitrogen value of the sample. Therefore, the 
test may be considered sufficiently reproducible for all but the most exacting work. 

When compared to the results secured by the modified Kjeldahl-Gunning- 


TABLE 5 


Comparison of direct Nesslerization method with modified Kjeldahl-Gunning-Arnold 
method for the determination of nitrogen in the same milk sample 


this Analysis Direct Nesslerization Macro Kjeldahl 
_ Nitrogen Deviation Nitrogen Deviation 
(%) (%) 
1 0.491 -0.007 0.512 +0.0005 
2 0.490 —0.008 0.511 —0.0005 
3 0.508 +0.010 
4 0.510 +0.012. 
5 0.495 —-0.003 
1 6 0.508 +0.010 

7 0.495 -0.003 
8 0.505 +0.007 
9 0.495 —0.003 

10 0.480 —0.018 

Mean 0.498 +0.008 0.512 +0.0005 

Standard 

deviation +0.009 
1 0.482 +0.007 0.491 +0.005 
2 0.480 +0.005 0.481 —0.004 
3 0.472 —0.003 0.486 —0.000 
4 0.472 —0.003 
2 5 0.475 0.000 

6 0.471 —0.004 
7 0.475 0.000 
8 0.475 0.000 

Mean 0.475 +0.003 0.486 +0.003 


Standard 
deviation +0.004 


Arnold method, direct nesslerization yields results which are approximately 2.5 
per cent low, on the average. By employing the Student’s ‘‘t’’ function, 
(X,- X2) 

+ Vn; + De 
difference is found to be significant. However, this deviation is within the ex- 
perimental error of a single determination and, therefore, would not constitute 
a serious objection to the method. No explanation for this deviation has been 
established as yet, but Erdmann (4) has observed that some of the nitrogen 
present in certain organic materials is converted to the amines instead of to 


, and consulting appropriate tables (12), this observed 
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ammonia. These amines would be titrated as ammonia in the Kjeldahl-Gunning- 
Arnold method, but would not develop the same color with the Nessler reagent. 
This may account for the discrepancy between the results of the two methods. 


SUMMARY 


A rapid method for the determination of nitrogen in milk by direct nessleriza- 
tion of digested sample has been described. 

The effect of the variables involved in the test has been investigated and their 
tolerance established. 

When compared with a modified Kjeldahl-Gunning-Arnold method for the 
macro determination of nitrogen, the method yields results which are approxi- 
mately 2.5 per cent low on the average, but are within the experimental error. 

The method yields reproducible results which are sufficiently accurate for 
all but the most exacting work, with a considerable saving in time and reagents 
when compared with other methods currently in use. 
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SOME PHYSICAL AND CHEMICAL PROPERTIES OF BOVINE SALIVA 
WHICH MAY AFFECT RUMEN DIGESTION AND SYNTHESIS? 


J. T, REID? anp C. F. HUFFMAN 
Institute of Nutrition and Dairy Department, Michigan State College 


The early studies of Pavlov (25) placed great significance on the role of 
saliva mainly as that of a watery secretion. Although it generally is accepted 
that the high water content of saliva is a digestive aid as a lubricant, solvent 
and medium, other constituents and properties of saliva appear to be of equal 
importance in rumen digestion. Doubtless some of these substances and prop- 
erties exert an influence on the activity of rumen flora and fauna. 

Scheunert and Trautmann (30) found that the water content of parotid and 
mandibular saliva of sheep ranged from 98.75 to 98.90 per cent and 99.0 to 99.6 
per cent, respectively. The submaxillary saliva of the cow (19) and the parotid 
saliva of the buffalo (33) were found to contain 99.11 and 99.15 per cent water, 
respectively. 

The following figures were reported for the pH of saliva of several ruminant 
species: buffalo, 8.8 (33) ; sheep, 8.12 to 8.32 (28) ; goats, 8.2 to 8.8 (2); calves, 
8.1 (32, 38) and 8.23 (31) ; and cattle, 8.55 to 8.90 with an average of 8.8 (10). 
Chrzaszez and Schechtléwna (10) observed a decrease in the pH of saliva to 7.9 
during rumination. 

Some reducing properties and several associated constituents of saliva have 
been investigated by several workers. Suzuki (36) reported that human saliva 
generally contains less than 0.18 mg. per cent ascorbic acid, and that age and 
sex are without effect upon the concentration of this substance. This investiga- 
tor was not able to detect ascorbic acid in oxidized form in human saliva or in 
the salivary glands of rabbits. The ascorbic acid content of the salivary glands 
was found to be progressively lower in the species of the following orders: 
rodentia, carnivora and ungulata (36). Suzuki (36) demonstrated an increase 
in the ascorbie acid content of the parotid glands of the rabbit by injecting 2 
mg. of ascorbic acid per kg. of body weight or by administering pilocarpine 
hydrochloride; the latter substance, however, did not alter the concentration 
in the submaxillary glands. The investigations of Zimmet and Dubois-Ferriere 
(40) revealed that the concentration of ascorbic acid in children’s saliva in- 
creased progressively with age. Levels of 0.04 mg. per cent for 4-year-old chil- 
dren, 0.11 mg. per cent for 16-year-olds, and a marked lowering of the saliva 
ascorbic acid level in children under febrile conditions were reported (40). 
These results, relative to the age effects, are contrary to those of Suzuki (36). 
Held et al. (14) believed 0.12 to 0.16 mg. per cent to be the normal ascorbic acid 
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content of human saliva. Concentrations of 0.04 to 0.08 mg. per cent were 
found in the saliva of patients suffering from paradentoses (14). A higher 
normal level (0.25 mg. per cent) was reported by Stuteville (35). Suzuki (37) 
showed that the glutathione content of the parotid and submaxillary glands of 
secorbutic guinea pigs was 12.2 to 26.2 per cent and 16.5 to 17.4 per cent lower, 
respectively, than those of normal guinea pigs. Pilocarpine decreased the gluta- 
thione content of these glands in rabbits, whereas atropine was without effect. 
Injections of iodoacetic acid or sodium iodoacetate resulted in the complete dis- 
appearance of reduced glutathione from these glands. Pincus (26, 27) demon- 
strated the reduction of several dyes by saliva. 

Very little attention has been given to the physical or physico-chemical prop- 
erties of saliva. However, in his study of surface energy of some physiological 
fluids, Wwedensky (39) found that the lowering of surface tension by saliva 
was considerable and classified it with bile and milk, as a surface active fluid. 
In a later study of surface activity of human saliva, Borissovsky and Wweden- 
sky (6) found that the secretion stimulated by acids manifested a surface ten- 
sion-temperature curve characteristic of surface inactive fluids, whereas a curve 
characteristic of surface active substances was demonstrable for saliva stimu- 
lated by food material. These studies suggest that saliva evoked by acid solu- 
tions is a protective reaction, while that produced as a result of food excitation 
is a normal secretion. Simultaneous studies conducted on the relative adsorp- 
tion by the salivas produced by these two methods of stimulation showed typical 
adsorption by the food-stimulated saliva, whereas adsorption curves characteristic 
of surface inactive substances were obtained for the acid-stimulated secretion. 

Fomin (13) reported that the saliva of calves varies considerably in viscos- 
ity and that the phenomenon appears attributable to the consumption of dif- 
ferent types of feed. Hoepfner (15) demonstrated a pronounced structure- 
viscosity in human saliva which persisted for 24 hours despite definite chemical 
changes. Curves which are characteristic of structure-viscous liquids were ob- 
tained in this investigation by plotting the differential flow-velocity against 
time. Fresh saliva was converted completely into foam and had a foaming 
capacity equivalent to that of a 0.02 per cent saponin solution. 

Recognition of literature has been limited here to reports dealing primarily 
with the saliva of ruminant animals and to studies of saliva in other animals and 
human beings which are pertinent to certain phases of the study summarized in 
this report. 

The object of this investigation was to probe some of the chemical and 
physico-chemical properties of bovine saliva which may influence rumen diges- 
tion and synthesis. 


EXPERIMENTAL PROCEDURE 


During the course of this investigation, study was made of 77 samples of 
saliva collected from the unstimulated secretion (except for tactile, visual and 
auditory stimulation) of 42 Guersey, Jersey, Holstein and Brown Swiss cattle 
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of varying ages. Fifty-four samples were collected under neutral paraffin oil to 
prevent carbon dioxide loss, while 23 samples were taken without oil protection. 
Blood samples were drawn at the time of saliva collection for ascorbic acid 
analysis. 

The pH of 77 saliva specimens was determined using a Beckman pH meter 
equipped with a glass electrode. Ascorbic acid was measured in 75 samples ac- 
cording to the method outlined by Mindlin and Butler (24) with modifications 
(29). The water content of 36 specimens was determined by drying to constant 
weight. Ascorbic acid analyses were made on corresponding blood plasma sam- 
ples. The surface tension of 55 samples of saliva was measured by a torsion-bal- 


/0 20 JO 40 JO 60 
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Fig. 1. Adsorption of benzene vapor on the saliva of 2 different cows. 


x 
M =mg. benzene vapor adsorbed per g. saliva. 


ance method in which a Du Nouy tensiometer was employed. The deodorizing 
capacity of saliva was tested by comparing the odor evolved from various quanti- 
ties of finely powdered garlic suspended in saliva to that evolved by garlic in 
distilled water. The possibility of saliva possessing an adsorptive property was - 
investigated by passing benzene at constant temperature (27° C) and pressure 
(3 bubbles per second) through a U-type adsorption tube containing known quan- 
tities of cow’s saliva. The amount of benzene taken up by the saliva after ex- 
posure for different time intervals was determined by weight. The * values 
(amount of benzene taken up per unit weight of saliva) were plotted against the 
time exposed (fig. 1). 
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Similar experiments were conducted in which dry, powdered saliva taken 
from 26 cows (fig. 2) was employed in place of fresh natural saliva, and in which 
distilled water was substituted for saliva. 


20 30 
TIME (MINUTES) 


Fig. 2. Absorption of benzene by dried saliva of cows. 


x 
M =mg. benzene vapor absorbed per g. dried saliva. 


RESULTS 


The average pH of 23 saliva samples not collected under oil was 8.71, whereas 
that for 54 samples protected by oil from carbon dioxide loss was 8.53. Some 
representative values for each are shown in tables 1 and 2. These data suggest 
that it is imperative to record the conditions under which saliva is collected from 
animals, i.e. whether or not the specimens are protected from carbon dioxide loss. 
No great variation was observed in the pH of saliva collected over a 24-hour 
period, and the time of collection relative to the feeding time had no noticeable 
effect on the reaction of the saliva. 

An analysis of 75 saliva samples revealed an average concentration of 0.15 mg. 
per cent ascorbic acid, while plasma samples from the corresponding animals at 
the time of saliva collection had an average ascorbic acid content of 0.47 mg. per 
cent. Table 2 shows that the ascorbic acid content of saliva collected at intervals 
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of 6 hours over a 24-hour period was variable and bore no appreciable relationship 
to the plasma ascorbic acid level. The correlation coefficient between the ascorbic 
acid level of the plasma and saliva was + 0.015. 

The average surface tension of 55 saliva samples was 47.1 dynes per cm. at 
29° C. Data obtained from the benzene uptake by fresh saliva which had been 
exposed for varying time periods derived typical adsorption curves (fig. 1), 
which indicate that saliva contains adsorptive substances. However, when a sim- 
ilar experiment was conducted on dry, powdered saliva taken from 26 cows, a 
curve was obtained from the benzene up take which is suggestive of absorption 
(fig. 2). It seemed, therefore, that the adsorptive property of natural saliva ‘is 
destroyed by drying. 

When water was substituted for saliva in a similar trial, weight losses were 
noted which were attributed to evaporation. 


TABLE 1 


Representative data on some chemical and physical properties of cow’s saliva and the plasma 
ascorbic acid level 


Plasma Saliva 
= Ascorbie acid Ascorbie acid Water Surface tension pH 
(mg. %) (mg. %) (%) (dynes/cm.) 
A5 0.55 0.19 99.10 48.07 8.55 
A18 0.42 0.13 98.83 46.05 © 8.508 
A31 0.72 0.07 99.23, 47.97 8.80 
A46 0.49 0.06 99.60 45.54 8.628 
A49 0.62 0.16 98.93 46.96 8.568 
B58 0.59 0.13 98.70 47.46 8.638 
C553 0.20 49.20 8.76 
127 0.37 0.21 99.01 45.64 8.93 


a Samples collected under neutral paraffin oil, 


It was found that 60 mg. of powdered garlic suspended in 100 ml. of distilled 
water evolved the pungent garlic odor, whereas no characteristic garlic odor was 
detected by 20 innocent persons from the same amount of the substance suspended 
in 100 ml. of cow saliva. The elimination of odors by saliva was considered to be 
an adsorption phenomenon in view of the great surface activity of bovine saliva. 


DISCUSSION 


The early studies of the role of saliva in digestion concerned the importance 
of this secretion as a mechanical digestive aid by virtue of its ability to moisten, 
dissolve and lubricate the dry feeds which constitute the cow’s ration. Recent 
interest in the chemistry and physiology of rumen fermentation and synthesis 
gave impetus to a study of the constituents and properties of saliva which may 
influence numbers and kinds of microorganisms. 

Greater importance now is being attached to the buffering ability of ruminant 
saliva than formerly. The large quantity of saliva secreted, its reaction and its 
activity as a buffer on the alkaline side of a pH of 4 are believed to be largely re- 
sponsible for the maintenance of a medium which appears to be optimal for micro- 
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bial activity and for the chemical changes occurring in tue ruimen. The saliva se- 
creted by a mature animal during 24 hours contains approximately 300 to 350 g. 
of sodium carbonate according to Colin (11), which is theoretically capable of 
neutralizing 56.6 to 65.0 liters of 0.1 N hydrochloric acid solution. 

The alkalinity of dairy cattle saliva offers the possibility that it might absorb 
some of the carbon dioxide produced in the rumen (22). The increased amount 
of saliva secreted at the time of eating, regurgitation and rumination may be na- 
ture’s compensation for the great amount of fermentation during and imme- 
diately following eating. 

A cow secreting 56 liters of saliva daily excretes approximately 86 mg. of as- 
corbie acid by this route. Although no explanation has been proposed for the sig- 
nificance of this saliva constituent, the possible use of the substance in saliva 
could be theorized purely on the basis of its action in other biological systems: 
(a) the control of hydrolytic enzyme systems, (b) the regulation of oxidation- 
reduction systems, since it is known to function in H transfers, (c) the detoxi- 
fication of chemicals such as lead and arsenic by combining with these substances, 
(d) the initiation of the synthesis of some proteins, since it is known that certain 
amino acids such as leucine are dehydrated to form ammonia and keto-acids, (e) 
the inhibition of some organisms which may otherwise be pathogenic to the mouth, 
esophagus and lower digestive tract, and (f) the encouragement or stimulation of 
fermentation by certain organisms, since it is known that some of the microorgan- 
isms inhabiting the rumen use vitamin C in their metabolism. 

To the saliva of the cow has been credited the deodorizing of undesirable barn 
odors, and hence the elimination of some of the off-flavors of milk without a 
known explanation for the deodorizing process. A comparison of the odor of 
garlic suspended in water and saliva demonstrated that no characteristic odor 
was evolved from the saliva while a pungent odor was readily detected from gar- 
lic in water. Since the deodorizing phenomenon generally is regarded as one of 
adsorption, as shown in water-odor purification studies by Baylis (4, 5) and 
Spalding (34), a phase of this investigation was given to the study of the surface 
activity of saliva. Natural saliva demonstrated typical adsorption tendencies, 
whereas dried saliva gave results characteristic of absorption. It is known that 
a considerable portion of the solid matter in saliva is protein; Bramkamp (8) 
found 250 mg. per cent protein, and Inouye et al. (16) reported that saliva con- 
tains 260 mg. per cent mucinate. Zolnikova (41) reported that 86 to 89 per cent 
of the total nitrogen of saliva is mucin nitrogen. According to Bucher (9), the 
mucoid proteins of gastric mucus are extremely small particles which are not vis- 
ible using the ultramicrosecope, but are amorphous-like in nature and possess col- 
loidal properties. Since Levene (20) has shown that the protein complex from 
one mucin to another differs chiefly in the nature of their amino-hexoses, it ap- 
pears that the mucoid proteins of saliva also are of small molecular size which 
would facilitate adsorption by virtue of their great surface area. Mahlo (21) 
stated that the hydrochloric acid of gastric juice is adsorbed partly by mucin. 
Investigations by Bradley (7) and Babkin (3) demonstrated the capability of 
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mucin as an adsorbent. From an analysis of the foregoing studies it seemed 
logical to attribute the adsorption properties of cow’s saliva to mucoid proteins. 

Although the uptake of benzene by saliva was in small quantities, the same 
test applied to water showed a loss of weight even when exposed only one minute 
and progressive decreases thereafter which seemed to be attributable to evapora- 
tion. The amount of benzene taken up by the saliva could not be accounted for 
by solubility, because the quantity of benzene which can be dissolved in the 
amount of water contained in the saliva (0.70 mg. of benzene per g. of saliva at 
22° C.) is a very small portion of the amount actually adsorbed during any time 
interval. 

The low surface tension (47.10 dynes per em.) of dairy cattle saliva is an 
amazing fact when one perpends its high water content (99.12 per cent) or com- 
pares it to a well known surface tension depressant such as a 0.1 per cent sodium 
oleate solution which has a surface tension of 42.2 dynes per em. and to pure water 
with a surface tension of 71.35 dynes per em. at 30° C. This property, indicating 
wetting ability, offers a plausible account for the efficiency of saliva in moistening 
feed materials. 

McCulloch (23) stated that the surface tension of bacterial cultural media 
usually is 50 to 60 dynes. Larson et al. (17, 18) showed that the amount of » 
growth of certain bacteria depends to a great extent upon the surface tension of 
the media. Albus and Holm (1) reported that Lactobacillus acidophilus grew 
well at a surface tension of 36 dynes, whereas Lactobacillus bulgaricus could not 
initiate growth in a medium whose surface tension was reduced to 40 dynes per 
em. These workers (1) believed that a low surface tension is responsible for the 
failure to obtain a permanent implantation of L. bulgaricus in the normal human 
intestinal tract, whereas L. acidophilus implantatioas were successful. Probably 
the low surface tension of saliva is optimal for the bacteria types indigenous to 
the rumen and may be selective to the extent of limiting the kind of organism 
present. 

In view of the surface energy exerted by the large quantity of saliva secreted 
by the cow, the efficiency of chemical reactions and bacterial functions occurring 
in the rumen by virtue of wetting, solution and mixing, in addition to maintain- 
ing the proper rumen reaction, seem responsible to saliva activity. 


SUMMARY 


An investigation was conducted on 77 samples of saliva from dairy cattle to 
ascertain some of this secretion’s chemical and physico-chemical properties. The 
average water content of 36 specimens was 99.12 per cent. 

The average pH of 54 samples protected by neutral paraffin oil from carbon 
dioxide loss was 8.53, whereas the average pH for the unprotected samples was 
8.71. No appreciable variation was noted in the pH of saliva collected at 6-hour 
intervals over a 24-hour period, and the time of collection relative to the feeding 
time had no apparent effect on the reaction of the saliva. 

An analysis of 75 saliva samples showed an average ascorbic acid concentra- 
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tion of 0.15 mg. per cent, while the average plasma ascorbic acid level of the same 
animals was 0.47 mg. per cent. 

The deodorizing and surface active properties of cow’s saliva were demon- 
strated. The surface tension of 55 samples was 47.10 dynes per em. at 29° C., 
while typical adsorption curves were derived from the uptake of benzene by 
saliva. Since dried cow’s saliva took up benzene in a manner characteristic of 
adsorption, it was believed that the adsorbent materials of saliva were altered in 
some way by drying, resulting in the loss of the adsorbing property. 
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THE INFLUENCE OF TOCOPHEROLS AND COD-LIVER OIL ON 
MILK AND FAT PRODUCTION 


FRANK WHITING, J. K. LOOSLI, VLADIMIR N. KRUKOVSKY, anp K. L, TURK 


Departments of Animal Husbandry and Dairy Industry, 
Cornell University, Ithaca, N. Y. 


Numerous studies have shown that feeding cod-liver oil to dairy cows and 


goats markedly reduces the fat pércentage of the milk (7, 8, 21, 24). Little is - 


known about the specific cause of this depression of the fat test, but it has been 
shown that hydrogenated cod-liver oil is no longer active (8, 22). Moore et al. 
(23) observed that giving cod-liver oil to cows in 12 feedings each day caused 
no such marked depression of test in a 6-day feeding period as when the oil was 
fed in a single daily dose. Certain other fats and oils have been shown to cause 
an increase, at least temporary, in the fat content of the milk of cows and 
goats (16). 

Recently, Harris et al. (10) have reported that the percentage of fat in the 
milk of dairy cows was increased approximately 27 per cent by feeding 1 g. of 
mixed natural tocopherols daily over a 20-month period. 

The foregoing reports and the established antagonistic action between cod- 
liver oil and alpha-tocopherol in nutritional muscle dystrophy (19) led the 
authors to wonder if a similar interrelationship might exist in the secretion of 
milk fat by cows. Accordingly, an experiment with cows was designed to study 
further the effect of tocopherols upon milk production and particularly to deter- 
mine whether tocopherols would inhibit the depressing influence of cod-liver oil 
on the fat percentage. 


EXPERIMENTAL PROCEDURE 


Sixteen cows of the Holstein, Brown Swiss and Guernsey breeds were used 
in this study during the winter of 1947-48. The cows were divided into four 
equal groups according to age and breed. The first group consisted of mature 
Brown Swiss cows; the second group, 2-year old Brown Swiss cows; the third 
group, 2-year old Holstein cows and the fourth group, mature Guernsey cows. 
Four replicates of 4 x 4 Latin squares were used. Control ration A consisted of 
medium quality mixed grass and legume hay, corn silage and a commercial 16 
per cent protein dairy concentrate mixture. Ration B was the control ration 
plus 1 g. of mixed natural tocopherol.t Ration C was ration A plus 5 oz. veteri- 
nary grade cod-liver oil.2 Ration D consisted of ration A plus 5 oz. veterinary 
grade cod-liver oil and 1 g. of mixed tocopherols. 

Received for publication August 26, 1948. 

1A stabilized tocopherol concentrate ‘‘Myvadry’’ purchased from Distillation Products, 
Inc., Rochester, N. Y. 

2 Contained 2000 units of vitamin A and 100 units of vitamin D per g. Purchased from 
Marine Products Co., Boston, Mass. 
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One lb. of grain was fed for each 3 lb. of 4 per cent fat-corrected milk pro- 
duced during the preliminary period. During the experiment, the grain allow- 
ance was reduced in accordance with the average decline in production of all 
cows as recommended by Lucas (17). A constant amount of silage, approxi- 
mately 25 lb. daily per cow, was fed throughout the experiment. Hay was fed 
ad libitum. 

The tocopherol supplement was placed on top of each cow’s morning feeding 
of concentrate. Cod-liver oil was mixed with a small amount of molasses and 
poured on the silage at the evening feeding. The cod-liver oil and tocopherols 
were fed at separate feedings, because Mackenzie et al. (19) had shown that the 
muscular-dystrophie preventative action of tocopherol was rendered ineffective 
when it was administered with cod-liver oil. 

Each cow was started on experiment approximately 60 days after parturi- 
tion, following a preliminary period of 3 weeks, thus all cows were in the same 
stage of lactation. Each period was of 4 weeks duration and was followed by 
1 week on the control ration before starting the next period. 

Milk was weighed and sampled at each milking. These aliquots were com- 
posited for seven milkings, and butterfat determinations by the Babcock test 
were made on the composited aliquots twice weekly. At the end of each 4-week 
period, samples of blood were obtained for tocopherol, vitamin A and carotenoid 
analyses. A 2 quart sample of milk was taken from the morning milking at the 
end of each 4-week period for studies on tocopherol, vitamin A and carotene 
content and keeping qualities. 

The method of Koehn (14) was used to measure the vitamin A and carotenoid 
content of milk fat, while that of Kimble (13) was used to determine the vita- 
min A and carotenoid content of blood plasma. The procedure of Quaife (25) 
was used to determine the tocopherol content of milk fat and that of Quaife and 
Harris (27), with the microhydrogenation apparatus of Quaife and Biehler (26), 
to determine the tocopherol content of the blood plasma. 

In an additional study, six Holstein cows were used in a single-reversal ex- 
periment during the summer of 1947 to study the influence on milk and fat pro- 
duction of feeding 1 g. daily of mixed natural tocopherols to cows on pasture. 
In this experiment, the cows were divided into two groups of three cows each; 
the two groups were equalized in daily milk production, state of lactation and 
fat test. The supplemental periods were of 5 weeks duration. The cows were on 
good pasture and received a concentrate allowance in accordance with milk pro- 
duction (1 lb. of concentrate per 4 lb. of milk produced). The method of feed- 
ing the supplement and of handling the milk was essentially the same as de- 
scribed above. 

RESULTS 


The average daily pounds of milk produced, butterfat tests, pounds of fat 
produced and the pounds of 4 per cent fat-corrected milk (6) are presented in 
table 1. Only the milk and fat yields obtained during the last 2 weeks of each 
period were used in calculating these averages, since the maximum fat depress- 
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ing effect of cod-liver oil was not evident until the second week; also Harris 
et al. (10) reported that the stimulating effect of tocopherol on fat percentage 
was not evident until approximately 10 days after starting to feed the supple- 
ment. In the experiment with the cows on pasture, milk and butterfat yields 
during the last 3 weeks were used to calculate averages, since the periods in this 
experiment were of 5 weeks duration. 

Feeding 1 g. of mixed tocopherols daily over a 4-week feeding period slightly 
increased the fat test, the average daily lb. of milk and fat produced, and the 
average daily pounds of 4 per cent fat-corrected milk (table 1). However, 
none of these increases was statistically significant. These results do not con- 
firm the findings of Harris et al. (10), but it should be emphasized that the 
length of the feeding period in this experiment was only 4 weeks (5 weeks on 
pasture), whereas Harris et al. used a 20-month experimental period. 


TABLE 1 


The influence of tocopherols and cod-liver oil upon the average butterfat percentage, total 
milk yield and 4% fat corrected milk 


Average daily production 


Supplement Butterfat 
Milk Fat 4% F.C.M. 
(%) (lb.) (1b.) (Ib.) 
Winter, 1947-48 
None 4.24 30.3 1.28 31.4 
Tocopherols 4.30 30.7 1.32 32.1 
Cod liver oil 3.63 32.8 1.19 31.0 
Tocopherols and cod-liver oil 3.63 32.0 1.16 30.3 
Summer, 19474 (pasture) 
None 3.55 35.7 1.27 33.3 
Tocopherols 3.58 35.2 1.26 33.0 


a Holstein cows only. 


Our results are in agreement with those of Gullickson et al. (9), who ob- 
served no increase in the fat yield or fat percentage from feeding tocopherols. 

Feeding 5 oz. of cod-liver cil alone or with tocopherol caused a 14 per cent 
decrease in the average fat test, a slight decrease in average daily pounds of 
4 per cent fat-corrected milk, but a 6 per cent increase in average daily pounds 
of milk produced. The decrease in fat test and the increase in milk yield were 
both highly significant (1 per cent level of probability), using the method of 
Cochran et al. (3) to analyze the data. The fat depressing effect of cod-liver 
oil observed in this experiment agrees with the findings of others, but no one 
has reported an increase in milk yield due to feeding cod-liver oil. Petersen 
(24) and McCay and Maynard (21) reported that milk production was not 
affected by cod-liver oil feeding. It has been shown previously that feeding 
extra vitamin A does not increase milk production (12, 18). No explanation 
is offered for the increase in milk production found in these investigations from 
feeding cod-liver oil. 
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Feeding tocopherols did not prevent the drop in fat test due to feeding cod- 
liver oil. Apparently the supplemental tocopherol was not destroyed by the 
cod-liver oil, since the tocopherol content of the butterfat and the blood of the 
cows when receiving tocopherol and cod-liver oil were essentially the same as 
when they received tocopherol alone (table 2). Feeding cod-liver oil alone, 
however, did lower the tocopherol content of the butterfat and milk, indicating 
that cod-liver oil destroys tocopherols in the dairy cow in a manner similar to 
that observed in other animals. 

Cod-liver oil depressed the carotene content of the blood and milk fat and 
inereased the vitamin A content. A similar phenomenon has been observed by 
other investigators when high levels of vitamin A have been fed (2, 5, 10, 29). 
However, when both tocopherols and cod-liver oil were fed, the carotene-de- 
pressing effect of the cod-liver oil was not so pronounced. Harris et al. (10) 


TABLE 2 


The tocopherol, vitamin A and carotenoid content of milk fat and blood plasma as affected 
by tocopherol and cod-liver oil supplements 


Content in milk fat of: Content in blood plasma of: 

Supplement Toco- Vitamin Caroten- Toco- Vitamin Caroten- 
pherols A oids pherols A oids 

(y/100 g.) (y/100 ml.) 
None 2990 559 440 582 27.8 528 
Tocopherols 3569 544 390 735 28.8 463 
Cod-liver oil 2529 1301 326 427 31.5 368 
Tocopherols and 

cod-liver oil 3590 1329 349 696 34.3 438 
None# 685 22.2 1054 
Tocopherols@ 3640 771 23.9 1106 


a Holstein cows only. 


noted that feeding tocopherols with a vitamin A concentrate largely prevented 
the carotene depressing effect of the vitamin A supplement. 

Of special interest is the fact that tocopherol feeding improved the ability 
of milk to resist the development of off-flavors as described in detail by Kru- 
kovsky et al. (15). 

SUMMARY 


Feeding 1 g. of natural mixed tocopherols daily to dairy cows during both 
winter and pasture feeding for periods of 4 to 5 weeks had no significant in- 
fluence on milk or fat production. However, feeding 5 oz. of cod-liver oil daily 
to cows during winter feeding decreased the butterfat percentage approximately 
14 per cent, but increased the total milk production 6 per cent. Tocopherol 
supplementation did not counteract the butterfat depressing effect of cod- 
liver oil. 

The tocopherol content of the milk fat and blood plasma was increased by 
feeding tocopherols, but was decreased by feeding cod-liver oil. Cod-liver oil 
had a depressing effect on the carotene content of the milk fat and blood plasma, 
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but this was counteracted somewhat by feeding tocopherols with the cod-liver 


oil. 


The vitamin A content of the milk fat and blood plasma was increased by 


feeding cod-liver oil. 


(1) 
(2) 


(3) 
(4) 
(5) 
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EFFECTS OF LACTOSE ON GASTRO-INTESTINAL MOTILITY : 
A REVIEW’ 
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INTRODUCTION 

The solids of milk are approximately 38.5 per cent carbohydrate, and the non- 
fat milk solids are approximately 51 per cent carbohydrate. This carbohydrate 
(lactose) is unique in that it yields glucose and galactose in equimolecular quan- 
tities on hydrolysis. The literature dealing with the commercial preparation, 
chemical properties and industrial uses of lactose has been reviewed recently 
(100). 

In the study of the nutritive value of milk and dairy products, lactose has 
received less attention than the protein, fat, vitamin and mineral constituents. 
In numerous investigations, the lactose of milk is simply .considered as so much 
carbohydrate without cognizance of any special characteristics, so that in some 
instances nutritive differences attributed to other factors may well have resulted 
from differences in lactose content of the diets under observation. 

Since lactose constitutes a major portion of nonfat dry milk solids and since 
there is abundant evidence indicating special dietary characteristics of this car- 
bohydrate, further irvestigation of its nutritive value appears to be justified. 
One of these special dietary characteristics of lactose is its effect on the movement 
of food residues through the alimentary tract. As a background for further 
investigation of this special and perhaps important dietary characteristic of lac- 
tose, this literature review is prepared. 


THE LAXATIVE NATURE OF LACTOSE 


Numerous investigators have reported the occurrence of diarrhea when various 
amounts of lactose were fed. In most of these reports, no attempts were made to 
ascertain the approximate lowest level of lactose feeding at which a laxative 
effect first was observed. The reports of the occurrence of diarrhea generally 
were made as interesting side lights of investigations which had been designed 
for different primary purposes, and for this reason the percentages of lactose in 
the diets had been determined previously to suit these other purposes. Therefore, 
the following reports of amounts of lactose which produced diarrhea should not 
be taken to indicate the smallest consumption which is capable of initiating laxa- 
tion, unless it is so stated. 

Kittens were observed by Mitchell and Dodge (62) to suffer such severe diar- 
rhea on a ration containing 70 per cent of lactose that this level of feeding could 
not be continued. 


Received for publication August 27, 1948. 
1 Supported by a grant in aid from The American Dry Milk Inst. This generous assist- 
ance is gratefully appreciated. 
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Sisson (88) observed that from 10 to 15 per cent of lactose added to a cow’s- 
milk diet produced diarrhea in some puppies but not in others. Younger puppies 
developed diarrhea sooner than did older ones. The diarrheal condition was 
alleviated quickly by omitting the lactose from the milk mixture. Gross (36) 
was not able to feed diets containing more than 15 per cent of lactose without 
diarrhea appearing, and even the 15 per cent level produced diarrhea in about 
half of the dogs used. Dragstedt and Peacock (23) observed that the feces of 
2 to 3-months-old puppies became liquid in from 4 to 6 days, when a diet of white 
bread and whole milk was fed with 60 g. of lactose per day. Adult dogs fed a 
diet of 500 g. of rice, 100 g. of beef heart and 50 g. of lactose did not have liquid 
feces, but when fed white bread and skim milk ad libitum, plus 50 to 125 g. of 
lactose, most of the adult dogs developed liquid feces after 1 week. This differ- 
ence in the fluidity of the feces, depending upon the constitution of the diet to 
which the lactose was added, perhaps may be due to the other constituents of the 
diet either having some direct effect on fecal consistency or influencing the lactose 
effect. Diarrhea was noted by French and Cowgill (32) when diets containing 
20 per cent of lactose were fed to dogs. 

That the rat apparently is better able to utilize lactose than the dog was the 
conclusion reached by Koehler and Allen (49). They did not observe diarrhea 
when 35 per cent of lactose was fed to young, full-grown rats. But others have 
observed diarrhea in adult rats fed diets containing 67 per cent of lactose (85) 
and 87.5 per cent of lactose (35). 

Outhouse et al. (67) did not observe diarrhea in their young rats which were 
fed 25 per cent of lactose in the ration. Whittier et al. (101) observed diarrhea 
in rats at 45 and 63.5 per cent levels of lactose feeding. Mitchell and Dodge 
(62) reported that diarrhea was exhibited by young rats placed on a 70 per cent 
lactose ration. Mitchell (60) confirmed this observation for all rat strains used 
by her, and noted that 35 per cent of galactose in the ration did not produce the 
diarrheal effect. Mitchell et al. (56) also showed that rations containing 60 to 
70 per cent lactose produced diarrhea and slow growth. 

Mitchell et al. (61) observed diarrhea in young rats placed on a 50 per cent 
lactose diet. This diarrhea varied in severity with the individual rat. Coryell 
and Christman (17) stated that, due to the laxative action, lactose doses for rats 
cannot be increased much beyond 2 g. per kg. of body weight. This figure repre- 
sents a considerably lower level of lactose intake for producing laxation than 
has been reported by any other investigator, but it should be noted that Coryell 
and Christman worked with rats fasted for 24 hours. Diarrhea was observed by 
Boutwell et al. (10) for the first 6 to 12 days of feeding a ration containing 48 
per cent lactose and 28 per cent corn oil to weanling rats. 

Diarrhea followed by death of rats fed large amounts of lactose in the ration 
was reported by Evans and Burr (28). Others who have reported a similar oe- 
currence are Fisher (30), Morgan et al. (63), and Skeggs and Wright (89), 
when they fed rations containing 77, 65, and 61.8 per cent of lactose, respectively. 
Ershoff and Deuel (26) reported that weanling rats fed a ration containing 73.2 
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per cent lactose or B-lactose developed a severe diarrheal condition and died. 
The length of time these rats survived depended upon the severity of the diar- 
rhea. The £-lactose rats died sooner than did the lactose rats, having suffered 
more severe diarrhea in general than had the lactose rats. Attempts to control 
the diarrhea by including 5 or 10 per cent of citrus pectin or 5 al cent of apple 
powder in the diet were not successful. 

Scott and Verney (86) noted severe diarrhea in rats fed a 62 per cent lactose 
diet. They found that when rats were allowed to choose dietary components, 
lactose was avoided, while cther carbohydrates were accepted to various degrees. 
Richter (78) found that rats offered lactose as the sole food ate very small quan- 
tities. The rats survived only 7 days on the average, as compared with 4 days 
for a comparable group given only water. Another group fed only galactose 
lived only 7 days. When Ershoff (25) fed lactose to rats as the sole food, all 
the rats had diarrhea, and they died after the same length of time (5 to 7 days) 
as if they had been fasted. Other rats fed dextrose, sucrose or butter fat as the 
sole food lived 34 days on the average. That the diarrhea and early deaths were 
not due to galactose was shown by feeding a ration composed of 50 per cent 
dextrose and 50 per cent galactose, in which case no diarrhea was observed and 
the rats lived about as long as the rats fed dextrose, sucrose or butter fat alone. 
But feed intake was increased so that the rats obtained their necessary calories 
from the dextrose. 

The most complete determination of the lowest level of lactose which will 
produce diarrhea in weanling rats (Sprague-Dawley strain) was made by Riggs 
and Beaty (79). They did not observe diarrhea at lactose feeding levels of 5, 
10 or 15 per cent, but they did observe diarrhea beginning at the 20 per cent 
level and increasing in severity and persistence as the level was raised to 30, 40 
and 50 per cent. These investigators also showed that the diarrhea was due to 
the lactose linkage by feeding equivalent levels of the hydrolysis products, glu- 
cose and galactose, without producing any diarrhea. 

Few reports are available on the amounts of lactose which will produce diar- 
rhea in man, although considerable use was made of the sugar for complementing 
the action of Lactobacillus acidophilus milk in treating constipation. Since it is 
difficult to tell how much of the action might be due to the lactose and how much 
to the effects of the bacteria, these reports will be discussed together in a future 
section, rather than receive consideration under the present heading. In one of 
the instances in which lactose was fed alone, (that is, without L. acidophilus 
milk) diarrhea was observed by Robinson (80) when 200 to 250 g. of lactose were 
ingested by human subjects. Koehler et al. (50) observed flatuency and diarrhea 
in only one case, when from 80 to 120 g. of lactose were ingested. Rettger and 
Cheplin (76, p. 110) found that 300 g. of lactose per day tended to produce diar- 
rhea in man. Kopeloff and Cohen (53) observed that in 6 of 15 subjects the 
first ingestion of a 100-g. dose of lactose caused diarrhea. Barker (4) recom- 
mended adding from 50 g. to 1 lb. of lactose to the diet of typhoid fever patients, 
as long as there was no diarrhea. He stated that one should remember that 
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patients given the high-calorie diet he recommended, usually have from 2 to 4 
stools a day. Traube (96) reported that a light laxative action was produced 
by only 9 to 15 g. of lactose taken in the morning on an empty stomach. Albertoni 
(1) stated that 20 g. of lactose were required for action in most cases. 

Rojas et al. (83) have reported the occurrence of diarrhea in two dairy calves 
fed separated milk with extra lactose added. The amount of lactose added 
brought the total lactose content to twice that of separated milk; that is, lactose 
intake was about 640 g. per day for the Holstein calf and about 500 g. per day 
for the Jersey calf. The scouring began within a few hours after beginning the 
feeding of the lactose-enriched separated milk, and decreased when the extra 
lactose was omitted. 

Species differences in susceptibility to lactose diarrhea are indicated in the 
above accounts of amounts of lactose which produce diarrhea. However, due to 
the lack of information on actual amounts of the sugar ingested per unit weight, 
direct comparisons are almost impossible. But in general, it seems that rats are 
less susceptible to lactose diarrhea than are dogs, while the position of the human 
in this respect remains obscure. 

Age differences also are indicated. Young animals probably are more suscep- 
tible to the diarrhea, as shown by Sisson (88) and Ershoff and Deuel ‘26). 
Strains of rats also differ in susceptibility, according to Mitchell (60) and Ershoff 
and Deuel (26). Individual differences have been reported by Gross (36), 
Sisson (88), and Riggs and Beaty (79). 


THE EFFECTS OF LACTOSE ON INTESTINAL MOTILITY IN INFANTS 


The importance of lactose in the diet of the human infant is well-known. 
Hurst (44, pp. 422-424) mentioned that fat and lactose were the two substances 
in breast milk which stimulated intestinal movements in infants. He called at- 
tention to the fact that since undiluted cow’s milk has approximately the same 
per cent of fat, two-thirds as much lactose and more than twice as much protein 
as human milk, cow’s milk usually is diluted for human infants. This dilution 
makes the protein percentage more nearly comparable to that of breast milk, but 
at the same time it reduces the percentage of stimulating lactose further below 
the normal breast milk level. Hurst further commented that the cure of consti- 
pation in the non-breast-fed infant often is accomplished immediately by adding 
1 teaspoon of lactose to each 3-4 oz. of undiluted cow’s milk. For constipation 
of the breast-fed baby, he recommended 0.5 to 1 teaspoonful of lactose in a 
little warm water before each nursing. 

Talbot and Hill (94) noted that more than 9 to 14 per cent of lactose in the 
formula resulted in diarrhea in a 5-months-old infant. More than this amount 
decreased the absorption and perhaps the retention of nitrogen. Porter and 
Dunn (74) observed that the largest amount of lactose which could be taken by 
infants without intolerance (meaning without diarrhea, gas and vomiting) varied 
from 9 to 40 g. per kg. per day, from 2 to 4.75 g. per kg. at a feeding or from 5 
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to 15.5 per cent of the diet. Paffrath and Siering-Kaulla (69) observed diarrhea 
and impaired digestion in all trials when 15 per cent lactose solutions were given 
to children. 

Gerstley et al. (34) observed that up to 17 per cent lactose added to breast 
milk produced little change in the fresh weight of infant stools; however, up to 
12 per cent added to cow’s milk increased the fresh weight and frequency of the 
stools, but without producing any diarrhea. In a later paper, Gerstley (33) 
mentioned that a temporary upset in digestion was accompanied by diarrhea for 
1 day when an infant was changed to a formula of cow’s milk plus 12 per cent 
lactose. Gerstley’s work was begun with the idea that acids produced in the 
intestine by fermentation of lactose caused the diarrhea observed in some infants. 
The theory was that lactose fermented more readily when given in cow’s milk 
than when given in breast milk. However, actual results showed that up to 12 
per cent of lactose added to cow’s milk actually improved the well-being of the 
infant and did not cause any diarrhea. 

Barenberg and Abramson (3) observed somewhat heavier feces (on the fresh 
weight basis, presumably, although not stated) but no diarrhea, when 12-15 
per cent of lactose (15-17 g. per kg. of body weight) was fed to babies 3 to 15 
months old. 

Skole (91) mentioned that constipation was notably absent in 108 babies 
(average age 14 weeks at the start) fed evaporated milk and 0.1 oz. of B-lactose 
per lb. of body weight. Diarrhea sometimes was precipitated when an infant 
first was started on the diet, but this was controlled readily by reducing the 
amount of lactose or by omitting it altogether for 2-3 days and then gradually 
adding it back. 

Dennett and Craig (20) observed more diarrhea among breast-fed infants 
than among infants fed modified fresh cow’s milk, evaporated or powdered milk, 
and more. diarrhea on fresh-cow’s milk than on evaporated or powdered milk. 
It was not stated whether the powdered milk was dry whole milk or nonfat dry 
milk solids. The babies were about 2 months old at the start of the experiment. 

Jeans and Marriot (46, p. 63) have called attention to the fact that giving 
lactose solutions of a 10 per cent or greater concentration may result in an in- 
crease in the number of stools. Also (46, p. 70) lactose or sucrose solutions of 
8 per cent or greater concentration, or dextrose solutions of 6 per cent or greater 
concentration, are hypertonic and may act as hydragogue cathartics. 

Skole (90) claimed, on the basis of case studies, that up to 6 teaspoons of 
B-lactose per day given with evaporated milk and water shortened diarrheal 
spells. He offered no explanation of his own, but reviewed the literature for and 
against the use of lactose in intestinal disturbances of infants. Kendall (47) 
previously had suggested that adding lactose to cow’s milk might decrease the 
incidence of summer diarrhea of young children. He based this idea on the 
alteration of the mixed type intestinal flora of the artificially-fed infant’s stool 
to the strictly fermentative type predominant in the normal nursling’s stool. 
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patients given the high-calorie diet he recommended, usually have from 2 to 4 
stools a day. Traube (96) reported that a light laxative action was produced 
by only 9 to 15 g. of lactose taken in the morning on an empty stomach. Albertoni 
(1) stated that 20 g. of lactose were required for action in most cases. 

Rojas et al. (83) have reported the occurrence of diarrhea in two dairy calves 
fed separated milk with extra lactose added. The amount of lactose added 
brought the total lactose content to twice that of separated milk; that is, lactose 
intake was about 640 g. per day for the Holstein calf and about 500 g. per day 
for the Jersey calf. The scouring began within a few hours after beginning the 
feeding of the lactose-enriched separated milk, and decreased when the extra 
lactose was omitted. 

Species differences in susceptibility to lactose diarrhea are indicated in the 
above accounts of amounts of lactose which produce diarrhea. However, due to 
the lack of information on actual amounts of the sugar ingested per unit weight, 
direct comparisons are almost impossible. But in general, it seems that rats are 
less susceptible to lactose diarrhea than are dogs, while the position of the human 
in this respect remains obscure. 

Age differences also are indicated. Young animals probably are more suscep- 
tible to the diarrhea, as shown by Sisson (88) and Ershoff and Deuel (26). 
Strains of rats also differ in susceptibility, according to Mitchell (60) and Ershoff 
and Deuel (26). Individual differences have been reported by Gross (36), 
Sisson (88), and Riggs and Beaty (79). 


THE EFFECTS OF LACTOSE ON INTESTINAL MOTILITY IN INFANTS 


The importance of lactose in the diet of the human infant is well-known. 
Hurst (44, pp. 422-424) mentioned that fat and lactose were the two substances 
in breast milk which stimulated intestinal movements in infants. He called at- 
tention to the fact that since undiluted cow’s milk has approximately the same 
per cent of fat, two-thirds as much lactose and more than twice as much protein 
as human milk, cow’s milk usually is diluted for human infants. This dilution 
makes the protein percentage more nearly comparable to that of breast milk, but 
at the same time it reduces the percentage of stimulating lactose further below 
the normal breast milk level. Hurst further commented that the cure of consti- 
pation in the non-breast-fed infant often is accomplished immediately by adding 
1 teaspoon of lactose to each 3-4 oz. of undiluted cow’s milk. For constipation 
of the breast-fed baby, he recommended 0.5 to 1 teaspoonful of lactose in a 
little warm water before each nursing. 

Talbot and Hill (94) noted that more than 9 to 14 per cent of lactose in the 
formula resulted in diarrhea in a 5-months-old infant. More than this amount 
decreased the absorption and perhaps the retention of nitrogen. Porter and 
Dunn (74) observed that the largest amount of lactose which could be taken by 
infants without intolerance (meaning without diarrhea, gas and vomiting) varied 
from 9 to 40 g. per kg. per day, from 2 to 4.75 g. per kg. at a feeding or from 5 
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to 15.5 per cent of the diet. Paffrath and Siering-Kaulla (69) observed diarrhea 
and impaired digestion in all trials when 15 per cent lactose solutions were given 
to children. 

Gerstley et al. (34) observed that up to 17 per cent lactose added to breast 
milk produced little change in the fresh weight of infant stools; however, up to 
12 per cent added to cow’s milk increased the fresh weight and frequency of the 
stools, but without producing any diarrhea. In a later paper, Gerstley (33) 
mentioned that a temporary upset in digestion was accompanied by diarrhea for 
1 day when an infant was changed to a formula of cow’s milk plus 12 per cent 
lactose. Gerstley’s work was begun with the idea that acids produced in the 
intestine by fermentation of lactose caused the diarrhea observed in some infants. 
The theory was that lactose fermented more readily when given in cow’s milk 
than when given in breast milk. However, actual results showed that up to 12 
per cent of lactose added to cow’s milk actually improved the well-being of the 
infant and did not cause any diarrhea. 

Barenberg and Abramson (3) observed somewhat heavier feces (on the fresh 
weight basis, presumably, although not stated) but no diarrhea, when 12-15 
per cent of lactose (15-17 g. per kg. of body weight) was fed to babies 3 to 15 
months old. 

Skole (91) mentioned that constipation was notably absent in 108 babies 
(average age 14 weeks at the start) fed evaporated milk and 0.1 oz. of B-lactose 
per lb. of body weight. Diarrhea sometimes was precipitated when an infant 
first was started on the diet, but this was controlled readily by reducing the 
amount of lactose or by omitting it altogether for 2-3 days and then gradually 
adding it back. 

Dennett and Craig (20) observed more diarrhea among breast-fed infants 
than among infants fed modified fresh cow’s milk, evaporated or powdered milk, 
and more. diarrhea on fresh-cow’s milk than on evaporated or powdered milk. 
It was not stated whether the powdered milk was dry whole milk or nonfat dry 
milk solids. The babies were about 2 months old at the start of the experiment. 

Jeans and Marriot (46, p. 63) have called attention to the fact that giving 
lactose solutions of a 10 per cent or greater concentration may result in an in- 
crease in the number of stools. Also (46, p. 70) lactose or sucrose solutions of 
8 per cent or greater concentration, or dextrose solutions of 6 per cent or greater 
concentration, are hypertonic and may act as hydragogue cathartics. 

Skole (90) claimed, on the basis of case studies, that up to 6 teaspoons of 
B-lactose per day given with evaporated milk and water shortened diarrheal 
spells. He offered no explanation of his own, but reviewed the literature for and 
against the use of lactose in intestinal disturbances of infants. Kendall (47) 
previously had suggested that adding lactose to cow’s milk might decrease the 
incidence of summer diarrhea of young children. He based this idea on the 
alteration of the mixed type intestinal flora of the artificially-fed infant’s stool 
to the strictly fermentative type predominant in the normal nursling’s stool. 
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SOME EFFECTS OF LACTOSE IN THE DIET OF CHICKENS 


Considerable use is made of milk and milk products in poultry feeding. For 
this reason, the effects of various amounts of milk sugar in the diet of domestic 
fowl has important practical significance. 

Several investigators have fed milk, lactose and milk products to chickens 
and noted the effects. Shaw (87) concluded from his finding that Barfoed’s 
reagent was not reduced by the intestinal contents of lactose-fed chicks, that 
lactose was not hydrolyzed in the digestive tract of the fowl. He also observed 
that chickens fed from hatching on milk alone died after 3 days. Autopsy re- 
vealed intense inflammation of gastro-intestinal mucous membranes. Hamilton 
and Card (38) observed similar irritation of the mucosa when chickens were fed 
lactose mixed with a moist mash. Diarrhea resulted when over 2 g. of lactcse 
per day were fed. However, up to 8 g. per hen per day were utilized fairly 
completely, and therefore, the lactose present in the amount of milk, whey or 
butter milk normally eaten (100-200 ml.) by chickens would be well utilized. 
It is interesting to note the observation that 8 g. per hen per day represented the 
approximate upper limit of lactose that the chickens would eat voluntarily under 
the conditions of their experiment. Plimmer and Rosedale (71), feeding rather 
high levels of lactose in ‘‘seewa’’ (a dried whey product), did not observe any 
diarrhea. 

Beach (5) observed that the pH of the cecal contents of chickens changed from 
a normal range of pH 6.9 to 7.4 to an acid range of pH 4.4 to 5.6, when he fed 
lactose alone or in milk products or added to L. acidophilus milk. Beach and 
Davis (6) confirmed this observation of the lowering of cecal pH by lactose. 
They noted dampness of the litter resulting from watery droppings in the chick 
pens where lactose or non-fat dry milk solids had been fed. Kline et al. (48) 
also reported both cartharsis and the lowering of the pH of the intestinal con- 
tent when up to 40 per cent of lactose was fed. The inadvisability of adding 40 
per cent of the sugar to rations for day-old chicks was noted. The large amount 
of fluid material found in the intestine and ceca was stated by Kline et al. to be 
‘*due undoubtedly to the greater water consumption.’’ Probably this statement 
is partially true, but there may be other factors contributing to the distention 
of the ceca and the fluidity of their contents. Ashcraft (2) observed marked 
lowering of cecal pH and some lowering of large intestinal pH by lactose and milk 
products rations. On such rations the cecal horns were dilated to two or three 
times the normal size, and contained a yellow, frothy mass of material, while on 
milk-free rations the cecal content was brown and firm. A ration containing 20 
per cent of lactose produced no diarrhea, but rations of dry butter milk, nonfat 
dry milk solids or dry whey calculated to contain about 20 per cent of lactose 
produced varying degrees of diarrhea. 


THE EFFECTS OF WHEY AND SEPARATED MILK ON GASTRO-INTESTINAL 
MOTILITY IN MAMMALS 
The purgative action of whey probably has been known for a long time. 
There are some rather recent references to this laxative property for the human, 
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rat, pig and chicken. Renaud (75) noted slight diarrhea about 2 hours after 
ingestion of 200 ml. of whey by a fasting human subject. Spindler (93) re- 
ported a ‘‘copious diarrhea’’ beginning within a few hours after large amounts 
(2-8 gallons) of separated milk were fed as the sole food to swine. Frothy feces 
appeared after about 3 days of diarrhea. In the preceding section, it may be re- 
called that Asheraft (2) also noted frothiness of cecal contents of lactose-fed 
chickens. He also noted more severe diarrhea in chickens fed a dried whey 
product than in chickens fed other rations containing the same amount of lactose. 
Fisher (30) obtained preliminary evidence to indicate that lactose was not the . 
sole factor causing diarrhea when whey was fed. On the other hand, the salt 
content of whey was not the sole factor responsible. These results, while sugges- 
tive, are not conclusive, since only a small number of experimental animals was 
employed. However, the recent work of Daniel and Harvey (19) also indicated 
that the soluble salts of whey increase the tendency toward diarrhea which exists 
on lactose rations. 


THE MECHANISM OF LACTOSE-INDUCED LAXATION 

The mechanism by which lactose acts to produce diarrhea is not definitely 
krown. There are several possible mechanisms: 

(a) One possibility is that lactose directly irritates the intestinal muscula- 
ture, thereby stimulating the muscles and resulting in stronger or more frequent 
contractions. Results obtained by Feldberg and Solandt (29), with isolated in- 
testinal segments from rabbits, indicate that this is not the case. More evidence 
supporting this observation should be obtained. Rettger and Cheplin (76) noted 
that when enough lactose (300 g.) was ingested, diarrhea tended to occur and 
much lactose was excreted in the feces. From this observation they concluded 
(76, p. 110) that ‘‘the excess of lactose in itself caused some intestinal irritation 
either directly or through the production of more acid than could be neutralized 
or absorbed as quickly as it is formed.’’ 

(b) A second possible mode of action of lactose in producing laxation is that 
of a hydragogue, that is, a substance which produces a watery purgation. Pre- 
sumably, hydragogues are effective because, being only slowly absorbed from the 
intestine, many of their ions or molecules remain within the lumen of the gut and 
thus raise the osmotic pressure therein above that of the blood. Therefore, water 
diffuses into the intestinal lumen from the blood. This excess water distends 
the intestinal walls, thus stimulating muscular contraction and also flushes the 
intestinal tract. Lactose seems to fit this description of a hydragogue for the 
following reasons. First, it produces watery purgation. Second, it is absorbed? 
at only one-third to one-half the rate of dextrose, maltose or sucrose (1), because 
it is more slowly broken down (97, p. 115). Some lactose may escape digestion 
in the small intestine and pass into the large intestine (97, p. 114; 76, p. 60, p. 
107). The presence of lactose molecules in the intestinal lumen thus could exert 


2 The term ‘‘lactose absorption’’ has been used in this review to mean hydrolysis and ab- 
sorption as the monosaccharides, glucose and galactose (unless otherwise stated). Most lactose 
hydrolysis probably occurs during the process of absorption (31). 
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the supposed hydragogue action. In support of the possibility that lactose acts 
in this way is the work of Albertoni (1) in which large dogs, fasted for 48 hours, 
were given from 67 to 167 g. of lactose in solution. The dogs were killed an 
hour later, and it was found that considerable lactose and water remained in the 
intestine, and that the stomach and intestine together contained more liquid than 
had been given. 

In the case of such a hydragogue action, if water passes from the blood into 
the intestinal lumen, then either dehydration of body tissues or decreased urine 
_ volume might be expected. That the action of lactose in producing diarrhea may 
be due to such a dehydrating action was suggested by Whittier (99). Jarvis 
(45), commenting on his observations of babies and on Killian’s unpublished 
work with rats, thought that lactose diarrhea might be one cause of the lowered 
water content of rat tissues which resulted when lactose was fed. In Killian’s 
work lactose was compared with sucrose. The data reported by Whittier et al. 
do not entirely support the work of Killian. From table 2 in the paper by 
Whittier et al. (101) it can be calculated that the percentage moisture of the 
net body weight was greater in the lactose-fed rat than in the sucrose-fed rat 
of each pair, with ad libitum feeding. However, in two pairs of pair-fed rats 
killed and analyzed at 774 days of age, this difference in tissue moisture was not 
evident, as can be calculated from table 4 of the same paper. Mitchell e¢ al. 
(56) found more water in the tissues of rats fed lactose, as compared to tissues of 
rats fed glucose. Handler (40), judging from studies of hematocrit values and 
serum protein content of the blood of rats fed 81 per cent lactose rations, found 
no serious dehydration occurring. Urine volume was three times as great as 
that of a comparable group of rats fed an 81 per cent sucrose ration. This 
greater urine volume was the result of excretion of galactose in the urine. The 
data presented by Mitchell and Isbell (57) show that the volume of urine pro- 
duced by rats on a ration containing 75 per cent ground beef and 25 per cent 
lactose is not different from that produced by rats on a 100 per cent ground beef 
ration. Roceuzzo (82) found that less urine was eliminated by men after taking 
lactose solutions (hypertonic, hypotonic or isotonic solutions) orally than after 
taking an equal volume of water. Holt and Kajdi (41) found that feeding rats 
lactose as the sole article of diet resulted in a greater urine volume, diarrhea 
and a greater water intake. On the other hand, Ershoff (25) did not report a 
greater water intake by rats fed lactose as the only food. However, greater 
water intakes have been reported by others when 87.5 per cent lactose rations 
were fed to rats (35), and when 40 per cent lactose rations were fed to day-old 
chicks (48). 

Two groups of investigators, Schorer and Laffoon (84) and Epstein and 
Thompson (24), presented evidence that lactose-sodium citrate solutions were 
effective in diminishing the so-called ‘‘dehydration’’ weight loss of newborn in- 
fants. The sodium citrate was supplied as a hydrating agent, the lactose as a 
food. The £-lactose-sodium citrate solution was more effective than the a-lactose- 
sodium citrate solution in this respect. Also, the B-lactose solution alone was 
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more effective than the a-lactose solution, but neither sugar alone was as effective 
as either of the lactose-sodium citrate combinations. This evidence seems to 
indicate that the sodium citrate was the main hydrating agent involved, while 
the lactose effect on birth weight decline may be due to its value as a hydrating 
agent, or as an energy source. The hydrating or dehydrating action of lactose 
therefore is not yet definitely established. 

Hurst (44 p. 331) was of the opinion that sweet milk had practically no effects 
on bowel movements, although many persons considered milk to be constipating. 
Much more recently, Hosoi et al. (42) have stated that milk should not be given 
if it is desired to prevent bowel movements, because milk leaves a large residue 
in the terminal ileum. Their experiments, which were performed with dogs, 
indicate that when a small residue is desired, any common food sugar except 
lactose may be included in the low residue diet. Milk and lactose were predom- 
inant among the foods which left both a large moist residue and a large dry 
residue. This copious dry residue suggested to these investigators also that 
lactose, due to poor absorption by the mucosa, might act by increasing the fluid 
content of the intestine and thus produce laxation in the same manner as does 
magnesium sulfate. A solution having a lactose concentration equal to that of 
milk passed very rapidly through the small intestine. But, in general, when lac- 
tose was fed with other foods, the rate of passage of the residues through the 
small intestine was not increased, while the total residue excreted was increased. 
Childrey et al. (15) later reported that lactose given 1 day interfered with the 
digestion of foods eaten both on the same day and on the following day. Mitchell 
et al. (56) have also noted the impaired digestion of organic nutrients resulting 
from lactose feeding. Outhouse et al. (68) showed that the fecal pellets of 
lactose-fed rats had a significantly greater dry weight than the fecal pellets of 
litter mates fed different rations. Mitchell and Isbell (57) also found that 
heavier feces (on the wet basis) were obtained from lactose-fed rats. Other 
references to the effects of lactose on the digestibility of organic nutrients and 
on the amount of feces excreted have been discussed in the section on intestinal 
motility in infants. The reported evidence thus seems to show rather conclusively 
that lactose does increase the amount of food residue excreted from the intestine. 

Koehler et al. (50) have suggested that if the failure of lactose (1.5 g. per 
kg.) to raise the blood sugar level of normal young adults is due to delayed ab- 
sorption resulting from slow hydrolysis of the lectose, then the rate of hydrolysis 
of lactose must be very much slower than that of starch. They have suggested 
further that rapid passage of lactose residues through the intestine may interfere 
with hydrolysis, even when appreciable amounts of the lactose-splitting enzyme 
are present, but no experiments were performed to test this possibility. The 
question of whether the fast rate of passage of lactose is the cause or the effect 
of the slight hydrolysis of this sugar thus remains to be settled. 

Further evidence that the amounts of lactose hydrolyzed are small is furnished 
by many observations of ‘‘pot-bellies’’ in lactose-fed animals. Mitchell (60) 
described this pot-bellied appearance in rats of all strains used by her, when 70 
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per cent lactose rations were fed. Autopsies revealed that the cecum usually 
was greatly distended and filled with fluid or a semi-solid mass of material. 
Mitchell noted that the Wistar strain suffered greater cecal distention than the 
other strains, due mostly to more gas. She reasoned that rats of this strain prob- 
ably did not absorb as much of the lactose as rats of the other strains. The 
bloated condition also has been observed by Mitchell et al. (56). Other investi- 
gators (54, 63, 95) have observed that the ceca of lactose-fed rats were distended 
and contained a watery, whitish material, which they presumed to be mainly 
unabsorbed lactose. Ershoff and Deuel (26) reported that rats fed 73.2 per 
cent lactose diets sometimes had ceca enlarged in size to almost 20 times those of 
similar rats fed non-lactose rations. Ershoff (25) found that all of his rats fed 
only lactose had pot-bellies when alive and showed distention of the cecum at 
autopsy. Riggs and Beaty (79) observed abdominal distention of increasing 
persistence and severity as the percentage of lactose in the ration was raised from 
20 to 25, 30, 40 and 50 per cent. Ashcraft (2) noted that the ceca of lactose-fed 
chickens were distended two to three times the normal size. It can be seen in 
table I of the paper by Mitchell and Isbell (57) that the actual wet weight of 
the cecal content was more than doubled by incorporating 25 per cent of lactose 
into an all-meat ration. Similarly, table 2 in the paper by Whittier et al. (101) 
shows a heavier intestinal content as a result of lactose feeding. 

(ec) Possibly lactose acts to produce diarrhea indirectly through the altera- 
tion of the intestinal flora to an acidurie type. This aciduric flora might then 
produce diarrhea in any one or more of several possible ways. That the flora 
alteration is not the primary cause of the diarrhea is indicated by the rapid onset 
of the diarrhea after lactose feeding (26), while the complete flora transforma- 
tion requires from 3 to 6 days (76, p. 17, p. 76). 

(d) Another way that lactose may act is by changing the pH of the intes- 
tinal contents enough to stimulate the intestinal muscles directly. Robinson 
(80) has shown that laxatives, including lactose, produce a lowered pH in the 
feces of men. Others (2, 5, 6, 14, 43, 48) have demonstrated a lowered pH in 
the intestinal contents of various species when lactose was fed. Robinson and 
Dunean (81) reported that the degree of pH lowering by lactose was dependent 
upon the character of the diet. A much greater effect was produced by a vege- 
table diet than by a meat diet, even though each diet contained the same percent- 
age (25 per cent) of lactose. The possible relationship of the change in intes- 
tinal flora to the change in acidity has been investigated extensively (14, 43, 51, 
73, 76, 98). However, Beach (5) has shown that, in the chicken at least, the 
initial pH change occurred very quickly (2 to 2.5 hours) after lactose feeding 
before much change in the flora could have occurred. Therefore, the initial 
pH change associated with lactose ingestion probably is not the result of the 
flora change. It is possible that the pH change is responsible for the laxation. 
However, it seems more probable that the laxation is responsible for the initial 
pH change, for the increased rate of passage of residues would be expected to 
interfere with the neutralization and absorption of acids (37). 
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(e) Bergeim et al. (7) have shown that lactose maintains a positive oxida- 
tion-reduction potential in the intestine. Of the other foods tested, only raw 
apple possesses in common with lactose the ability to maintain a positive po- 
tential. The possible relation of this observation to lactose diarrhea remains 
obscure, but it is interesting to note that raw apple is considered by many to be 
a good bowel regulator. ‘4 

(f) There is one more conceivable way in which lactose may produce its 
laxative effects. It has been shown repeatedly that the laxative action is due 
to the lactose molecule per se, and not to its hydrolysis products. When a large 
amount of lactose is ingested, a small part of the disaccharide may be absorbed 
into the blood stream without being hydrolyzed in the process (97, p. 115). 
Such minute amounts of unsplit lactose conceivably may act from the blood on 
the nerve supply of the intestine to increase muscular activity. Such a theory 
has been proposed (44, pp. 349-350) for the mode of action of saline purgatives. 
However, this possibility seems unlikely in the case of lactose, since diarrhea 
apparently has not been reported after lactose injections into the blood stream, 
but perhaps no observations were made to determine whether or not diarrhea 
had occurred following the lactose injections. Furthermore, in the case of in- 
jected lactose, the rapid renal elimination of the sugar would be expected to pre- 
vent a prolonged stimulating effect, while in the case of ingested lactose, the 
continuous absorption of small amounts of the unsplit lactose molecule might 
be expected to exert a prolonged action. 


SOME EFFECTS OF OTHER DIETARY CONSTITUENTS ON LACTOSE-INDUCED DIARRHEA 


The work of several investigators indicates that the kind and amount of salts 
ingested with lactose affects the rate of lactose hydrolysis and the incidence and 
severity of diarrhea. Mitchell et al. (61) fed rats adequate diets containing 
60 per cent lactose and the Osborne and Mendel salt mixture. This mineral 
mixture supplied 0.5 per cent calcium. Additional calcium (0.5 or 1 per cent) 
was added in the form of a different salt for each experiment. The phosphate, 
carbonate, citrate and levulinate of calcium at both levels gave good growth, the 
same degree of galactemia and incidence of galactose cataract, but less diarrhea, 
in general, than the 60 per cent lactose ration without added salts. Calcium 
lactate at the 0.5 per cent level gave similar results, but at the 1 per cent level 
it tended to decrease diarrhea, yet produced toxic effects. Both the 0.5 and the 
1 per cent levels of calcium gluconate gave different results. Poor survival, toxic 
symptoms, weight loss, low blood sugar and no galactose cataract were observed 
together with diarrhea of a severe nature, especially when the 1 per cent level of 
calcium gluconate was fed. Sodium gluconate gave similar but more severe 
results than calcium gluconate. Calcium gluconate apparently did not inhibit 
the absorption of glucose or galactose or the digestion and absorption of sucrose, 
dextrin or starch. Growth efficiency was as good with gluconate as without, 
when glucose and galactose were fed. Therefore, it was thought that the gluconate 
radical somehow interfered with lactose utilization, perhaps by inhibiting lactase 
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enzyme activity. Most of the rats fed the lactose ration plus calcium or sodium 
gluconate showed as severe diarrhea after several weeks as at first; thus adapta- 
tion generally was prevented by the gluconates. There were a few rats which 
survived the feeding of lactose plus gluconate, showing improved growth rate 
and efficiency of gain in spite of the persistent diarrhea. In these inexplicable 
eases, the growth recovery indicates the occurrence of adaptation while the con- 
tinuing diarrhea contraindicates such an occurrence. 

Coryell and Christman (17) have presented evidence to show that calcium 
chloride given with: lactose by stomach tube to fasted rats decreased the hydro- 
lysis of the lactose and also decreased the absorption of the galactose. It has 
been shown by Nordbé (66) that lactose combines with calcium and magnesium 
to form non-ionized compounds. Nalder (64) thought that this combination 
might explain the interference of calcium with lactose hydrolysis and galactose 
absorption. 

Riggs and Beaty (79) found no difference in growth, food utilization or oc- 
eurrence of diarrhea when litter-mate rats were fed a 50 per cent lactose diet 
containing 3.5 or 7 per cent of a salt mixture (U.S.P. XII salt mixture #2). 

The salts of whey, as compared to an equal percentage (13 per cent) of the 
salts of MecCollum’s salt mixture, were found by Fisher (30) to intensify diar- 
rhea on a 41 per cent lactose ration. Daniel and Harvey (19) reported that 50 
per cent lactose rations containing whey protein produced a more persistent 
diarrheal condition when the soluble ash of the whey remained with the protein 
than when this ash was removed by dialysis. P 

Boutwell et al. (10) reported poor outward appearance and the occurrence 
of diarrhea in rats during the first 6 to 12 days of feeding a ration containing 
48 per cent lactose and 28 per cent corn oil. A similar ration containing 28 
per cent butter fat in place of the corn oil gave better growth, larger feed intake, 
and good outward appearance. Boutwell et al. (11) later reported less diarrhea 
among rats fed the ration containing 48 per cent lactose and 28 per cent butter 
fat than among rats fed the ration containing 48 per cent lactose and 28 per cent 
corn oil. On the other hand, Deuel et al. (21) reported no difference in nutritive 
value of butter fat and vegetable fats when fed to rats in a ration with 70.6 per 
cent of nonfat dry milk solids and vitamin supplements. These workers elimi- 
nated from the experiment any litter of which two or more members developed 
diarrhea. It would appear that if butter fat prevents the occurrence or reduces 
the severity of lactose-induced diarrhea, then a physiological difference between 
the food fats in question has been demonstrated. Perhaps this point should be 
considered more carefully in work of this sort. In a later experiment, Ershoff 
and Deuel (27) studied the length of survival of rats fed diets of 70 per cent 
carbohydrate and 30 per cent fat. Survival was longer with sucrose than with 
lactose. The kind of fat fed did not influence significantly the length of survival 
on the sucrose rations, but on the lactose rations butter fat or margarine allowed 
significantly longer survival than did corn oil or cottonseed oil. 

Rojas et al. (83) found that the absence of fat from the diets of dairy calves 
did not interfere with the utilization of the amounts of lactose usually consumed 
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in a separated milk ration. As noted previously, doubling the amount of lactose 
in the separated milk produced diarrhea. However, no study was made of the 
effect of doubling the lactose content of whole milk fed to calves. 

Ershoff and Deuel (26) observed severe diarrhea and death of weanling rats 
fed a 73.2 per cent lactose ration. Each rat was given 800 mg. of corn oil per 
day. The average survival time for rats of the Long-Evans strain fed £-lactose 
was 4.9 days. When 10 per cent of lard, oleo or butter fat was fed, the average 
survival times were 2.4, 3.0 and 3.2 days, respectively. Mitchell (59) fed rats 
rations containing 18 per cent of butter fat and varying amounts of lactose. At 
the 60 and 45 per cent lactose levels, growth was poor, while at the 30 per cent 
level it was practically normal. However, Riggs and Beaty (79) reported 
slower growth in the early part of an experiment in which rats were fed diets 
containing 5 per cent fat and 30 per cent lactose. These rats recovered and 
weighed as much after 12 weeks as rats fed the basal cornstarch ration. That 
the difference in growth at the 30 per cent lactose level was perhaps due to the 
higher fat content of Mitchell’s diets was suggested by Riggs and Beaty. Their 
observation of rapid growth and only slight diarrhea in rats fed dried whole 
milk (27.5 per cent fat, 37.5 per cent lactose) where the lactose intake was about 
33 to 34 g. per kg. per day supports this suggestion. Such large lactose intakes 
caused severe diarrhea on the 5 per cent fat ration. Thus apparently the favor- 
able effect of larger amounts of fat was due not to a reduction in lactose intake, 
but rather to an improvement in lactose utilization. However, Riggs and 
Beaty (79) did not think it likely that fat directly affected the hydrolysis of 
lactose. Such a conciusion is supported by the work of Coryell and Christman 
(17). They showed that vegetable fat (Mazola) given with lactose by stomach 
tube did not alter significantly the amount of lactose hydrolysis or of galactose 
absorption. Nieft and Deuel (65) also reported that corn oil did not alter lac- 
tose hydrolysis, but contrary to the results of Coryell and Christman (17), they 
reported that galactose absorption was delayed by fat. These contradictory re- 
sults as regards galactose absorption perhaps may be explained by differences in 
the methods used. 

Ershoff and Deuel (26) tried adding various supplements to the 73.2 per 
cent B-lactose diet which they fed to weanling rats of the Lung-Evans strain. 
The average survival time for such rats fed the B-lactose ration without supple- 
ments was 4.9 days. The survival time was lengthened to 7 + 2 days by feeding 
10 per cent of dried mammalian liver, and to 11 + 3 days by feeding dried tuna 
liver. The rats fed these supplements gained weight the first 5 to 7 days, then 
lost weight and showed the typical B-lactose syndrome, including severe diar- 
rhea. Other supplements (lard, oleo, butter fat, cream, wheat germ oil, biotin, 
brewers’ yeast) were ineffective in lengthening survival time. 


THE USE OF LACTOSE WITH AND WITHOUT L. ACIDOPHILUS FOR TREATING 
CONSTIPATION AND TRANSFORMING THE INTESTINAL FLORA 


Lactose has been used extensively in conjunction with LZ. acidophilus milk for 
treating constipation of human adults, making difficult any evaluation of the 
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effect of the sugar alone. However, a few investigators have employed the sugar 
alone. Traube (96) recommended 9 to 15 g. of lactose in 0.25 1. of warm milk, 
taken in the morning on an empty stomach. Albertoni (1) recommended 20 g. 
of lactose taken in water. Boros (8, 9) reported that 16 out of 20 cases of con- 
stipation selected at random were benefited by lactose therapy and a prescribed 
diet. Two tablespoons of lactose in one-half glass of cold water were given twice 
a day. This is equivalent to about 38 g. per day.* In some cases a few days 
were required before results were observed. The doses of sugar could be re- 
duced or cut out entirely after normal bowel habits were established. 

Metchnikoff (55) first recommended the use of Bulgarian sour milk as a 
means of prolonging life, reasoning from observations of the long life of some 
Bulgarian peasants and from some rather meager experimental results obtained 
in his laboratory. His theory was that Lactobacillus bulgaricus became im- 
planted in the intestine to the exclusion of harmful bacteria. However, several 
investigators have shown that L. bulgaricus does not survive in the digestive 
tract. 

Rettger and Cheplin (76) have given a complete review of the literature on 
the subject of sour milk organisms in the intestine and have given a detailed ac- 
count of their work in the field. They showed that L. acidophilus and L. bifidus 
(which may be identical organisms) can be stimulated to grow and to form a 
large part of the intestinal flora by feeding lactose, dextrin or massive doses of 
cultures of the organism. The probable explanation of the stimulating action 
of lactose and dextrin alone among the carbohydrates is that only these two car- 
bohydrates reach the large intestine in large amounts and there provide a suitable 
food source for the L. acidophilus organism. These workers found that the 
intestinal flora of rats usually was transformed completely to an acidurie type 
by feeding 2 g. of lactose or dextrin per day, by 2 ml. of a culture of L. acido- 
philus or by 1 g. lactose or dextrin with 1 ml. of the culture. In a similar man- 
ner, the human intestinal flora usually was transformed completely by 300 to 
400 g. of lactose or dextrin, by 300 ml. of L. acidophilus culture or by 150 g. of 
lactose or dextrin and 150 ml. of the culture. Also, in man, the flora transforma- 
tion was effected by 1000 ml. of a 2-to-24 hour culture of L. acidophilus in milk 
or by 500 ml. of such a milk culture plus 100 g. of lactose. 

It is interesting to note that 300 g. of lactose, the dose usually needed for 
complete transformation of the flora in man, corresponds to the approximate 
level where a tendency toward diarrhea was observed by these investigators. 
Others (1, 53, 80, 96), however, have observed diarrhea in man after ingestion 
of somewhat smaller amounts of lactose. Rettger and Cheplin were aware of 
a possible direct effect of lactose on intestinal motility. However, Rettger et al. 
(77) considered that the relatively large amounts of lactose which they em- 
ployed with L. acidophilus milk for successfully treating some types of constipa- 
tion constituted a pabulum for the organisms, rather than having any direct 
benefit. 


3 This figure of 38 g. per day was obtained by assuming that one level tablespoon of 
lactose weighs 40z. Thus the four-tablespoon intake would correspond to 1} 0z., or 37.8 g. 
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Kopeloff and Cheney (52) obtained relief from chronic constipation by giving 
1000 ml. of L. acidophilus whole milk and 300 g. of lactose per day. They also 
treated diarrhea with the milk, but omitted the lactose because of its known 
diarrheal effects. Kopeloff (51, p. 109) satisfied himself by numerous experi- 
ments that the effects of the L. acidophilus milk were mainly bacteriological, 
rather than physical or chemical. He (51, p. 52) realized the benefits in treat- 
ing constipation, of using lactose with the milk and of continuing the use of lac- 
tose after discontinuing the milk treatment for prolonging the beneficial effects. 
He postulated (51, p. 53) that the benefits might be due either to lactose being 
a suitable pabulum for L. acidophilus in the intestine, or to lactose per se reliev- 
ing constipation. Apparently, he believed the first possibility to be the case, 
since the use of lactose alone did not produce as uniformly good results as its 
use with L. acidophilus milk, and the addition of lactose to L. acidophilus milk 
produced no great improvement over the use of L. acidophilus milk alone. 

On the other hand, Clark and Perry (16) got much better results when lactose 
was given with L. acidophilus milk than when the milk was given alone. They 
reported less constipation in 80 per cent of their patients given 1 quart of L. 
acidophilus milk per day with 75 g. of additional lactose, while only 30 per cent 
of the patients given 1 quart of the milk alone were less constipated, and 40 per 
cent were more constipated. It is to be noted that these workers used much 
smaller amounts of lactose than did Rettger et al. (77) and Kopeloff (51). A 
possible explanation for the failure of Clark and Perry to get better results with 
the milk alone might be that their milk perhaps did not contain suffcient num- 
bers of viable organisms. Cruickshank (18) thought that the effectiveness of 
L. acidophilus milk was due to a combination of viable organisms and the un- 
fermented lactose in the milk. 

The results of these various investigators seem to conflict. It is difficult to 
ascertain from a study of their work whether or not lactose alone has any thera- 
peutic value in treating constipation, but the indications are that it possibly has 
some such value. It does seem, from a consideration of the work which has been 
done, that lactose has at least indirect benefits in constipation through the en- 
couragement of the L. acidophilus organisms. According to Kopeloff (51, pp. 
115-116) these organisms may produce their benefits in several possible ways: 

**(1) L. acidophilus may secrete enzymes which act directly upon the intes- 
tinal mucosa to stimulate peristalsis. (2) L. acidophilus may secrete or excrete 
substances toxic to putrefactive organisms. (3) L. acidophilus may change the 
hydrogen ion concentration of the intestinal tract to such a degree as to inhibit 
the growth of putrefactive organisms. (4) L. acidophilus may change the hydro- 
gen ion concentration of the intestinal tract to such a degree as to stimulate per- 
istalsis directly. (5) L. acidophilus may produce lactic acid of chemical struc- 
ture different from inactive lactic acid or that produced by other microorganisms 
usually present in the intestine which may directly stimulate peristalsis.’’ 

It has been suggested by Smith (92) that a high-lactose diet alone is not so 
effective in transforming the flora in the intestine of man as in the intestine of 
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the rat. This relative ineffectiveness of lactose alone partially may explain the 
variability of results which have been obtained in attempted therapeutic applica- 
tions of L. acidophilus and lactose feeding in man. Smith (92) also observed 
that the transformation of the intestinal flora was aided by giving laxatives with 
lactose. He reasoned that the laxatives probably increased the rate of passsage 
and hindered absorption of the lactose, allowing larger amounts to reach the 
lower bowel, there to stimulate the acidurie organisms. This observation con- 
firms the theory of the Yale workers (76) that lactose can stimulate L. acidophi- 
lus because such large amounts reach the lower bowel unabsorbed. 

Mitchell (59), working with rats, observed that increasing percentages of 
food sugar lost in the feces and increasing percentages of L. acidophilus paral- 
leled increasing percentages of lactose in the ration. L. acidophilus constituted 
50 per cent or more of the flora when 30 per cent or more of lactose was fed. 
But at 45 and 60 per cent levels of lactose feeding, poor growth of the rats was 
obtained, even though a higher percentage of L. acidophilus was found in the 
flora. In a companion paper, Mitchell (58) found that the high percentage of 
L. acidophilus lasted only while diarrhea accompanied lactose feeding. On a 
60 per cent lactose ration, the L. acidophilus count dropped from 80-95 per cent 
of the total flora to 13-15 per cent of the flora when intestinal stasis was pro- 
duced by giving a few grains of ‘“‘tannalbin’’ daily as an astringent. The diar- 
rhea stopped in a few days and the growth rate changed from a decreasing rate 
to an increasing rate in 2 weeks. When Dragstedt et al. (22) produced intes- 
tinal stasis by reversing a 12-inch segment of intestine or by ligation of the in- 
testine, the flora was proteolytic in character, irrespective of the nature of the 
diet. 

ADAPTATION TO LACTOSE FEEDING 


An animal may adapt to lactose feeding; that is, the diarrhea may become 
less severe, may occur less commonly or may even cease entirely if the animal 
continues to ingest rather large amounts of lactose over a period of time. Sev- 
eral investigators have reported adaptation to lactose feeding in rat experiments. 
Whittier et al. (101) noted that rations containing 45 and 63.5 per cent of lac- 
tose produced diarrhea and retarded growth in weanling rats, but that these rats 
recovered in about 3 weeks. Mitchell and Dodge (62) observed that the diar- 
rheal condition of young rats fed 70 per cent lactose diets subsided in time, but 
the fecal pellets continued to be softer than usual. Morgan et al. (63) reported 
cessation of diarrhea after a week or two in rats fed a 65 per cent lactose ration. 
Mitchell et al. (61) found that young rats fed rations containing 50 per cent or 
more of lactose outgrew the lactose diarrhea in a few weeks, except when the 
ration contained 0.5 per cent of calcium gluconate or of sodium gluconate. When 
either of these salts was included in the diet, the severe diarrhea in most cases 
persisted after several weeks. These investigators implicated the gluconate 
radical; and since this radical did not inhibit glucose or galactose absorption, 
they thought that it must interfere with lactose hydrolysis, possibly by some 
mechanism of ‘‘competitive inhibition’’ of lactase action. Riggs and Beaty (79) 
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recently have shown again that rats, through the repeated daily ingestion of lac- 
tose, develop the ability to utilize lactose without suffering from diarrhea. 

Possibly the mechanism of adaptation to lactose feeding is an increased pro- 
duction of the lactase enzyme in the intestinal mucosa, but there is no evidence 
in the literature to support this possibility. Mitchell (58) noted that the acidu- 
ric intestinal flora produced by lactose feeding tended to revert to the putrefac- 
tive type after a time if lactose ingestion was continued. This observation may 
indicate that smaller amounts of unhydrolyzed lactose were reaching the lower 
levels of the bowel, and therefore that lactose-hydrolyzing ability had been in- 
creased in some way. One possibility is that the mucosal cells lining the intes- 
tine had been stimulated to produce larger amounts of lactase enzyme. The 
previously cited observations of decreased incidence and severity of lactose-pro- 
duced diarrhea after some time on lactose diets may indicate the same mechanism 
of increased lactose hydrolysis due possibly to increased lactase production. 
Therefore, a consideration of the properties and occurrence of this enzyme is 
important. 

Florey et al. (31) reviewed some of the literature on the subject of lactase 
and concluded that most of the lactase action is due to the mucosal cells rather 
than to the intestinal juice, and therefore, that most lactose digestion occurs 
during absorption. 

Plimmer (70) used a copper reduction method to show that lactase was pres- 
ent in the intestines of young mammals and persisted in older mammals of some 
species, but not of other species. The guinea pig, for example, lost its intestinal 
lactase activity in 5 weeks after birth, while lactase activity continued to some 
extent in the adult dog and rabbit. Experiments showed that lactase production 

was not increased by feeding milk and lactose. 

Plimmer and Rosedale (72) and Hamilton and Mitchell (39) demnonataed 
the presence of the enzyme in the crop of the chicken, but not in the proventricu- 
lus, pancreas or intestine. 

Cajori (12) could not find lactase in intestinal juice and thought that either 
lactose must be absorbed in part without being hydrolyzed, or else the enzyme 
action was carried on in the mucosal cells. Later he (13) reported lactase in the 
jejunal and duodenal mucosa and in the liver. The jejunal mucosa had a lac- 
tase activity 10-30 per cent greater than that of the duodenal mucosa. The 
liver lactase activity was very small. The optimum pH range for dog intestinal 
lactase was 5.4 to 6.0. Glucose inhibited lactase action, for in the presence of 
glucose 40 per cent less lactose was hydrolyzed in 22 hours. Galactose had prac- 
tically no effect. 

Ershoff and Deuel (26) reported a strain difference with respect to average 
survival time and severity of diarrhea in rats fed a 73.2 per cent lactose ration. 
They proposed that this difference might be due to a difference in intestinal lac- 
tase activity. The University of Southern California strain was not as severely 
affected as the Long-Evans strain, indicating possibly greater lactose hydrolysis. 
Species, age and individual differences in susceptibility to lactose feeding have 
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been discussed previously, and these also may be due to differences in lactase 
activity. 

Koehler et al. (50) expressed doubt that slight lactose hydrolysis necessarily 
was the cause of the rapid rate of passage of lactose. They theorized that the 
rapid passage might be the cause of the slight hydrolysis, even when considerable 
amounts of lactase were present, since there would be little time for enzyme 
action. If this were so, then perhaps some method of action of lactose other 
than a hydragogue effect would be indicated. 


SUMMARY 


The literature dealing with the effects of lactose on the rate of movement of 
food residues in the gastro-intestinal tract has been reviewed. Species, strain, 
age and individual differences in susceptibility to lactose-induced laxation have 
been reported. 

A lactose feeding level of 20 per cent of the diet often induces diarrhea in 
weanling rats of the Sprague-Dawley strain. When lactose in sufficient amounts 
to produce diarrhea is fed, the animals exhibit pot-bellies, slow growth and re- 
duced feed consumption. These symptoms become progressively more severe 
and persistent as the percentage of lactose in the ration is increased. The lowest 
levels of lactose feeding which will initiate diarrhea in species other than the rat 
have not been carefully determined, although the occurrence of diarrhea has been 
reported in all species studied. 

Early death in rats fed rations containing 61.8 to 100 per cent lactose has 
been reported by several investigators. 

The lactose linkage apparently is responsible for the diarrhea and some of 
the other symptoms noted when moderate to large amounts of lactose are fed. 

The literature reports, based generally upon case studies rather than upon 
carefully controlled experiments, indicate that more than about 12 to 19 per cent 
of lactose in the formula is apt to cause diarrhea in human infants. This may 
be compared with 10 to 15 per cent for puppies, and 20 per cent for weanling 
rats. Other reports suggest that smaller amounts of lactose may be valuable in 
controlling or preventing diarrheal conditions. 

The available evidence indicates that lactose in large amounts (20 per cent or 
more of the ration) tends to produce diarrhea in chickens and to lower the pH 
of the contents of the ceca markedly and of the large intestine somewhat less. 
The ceca are distended by a frothy liquid material. Water consumption is in- 
creased. When lactose constitutes about 40 per cent of the ration of young 
chicks, extreme inflammation of intestinal mucous membranes may result, and 
death often may ensue. 

The evidence seems to show that the purgative action of large amounts of 
skim milk and whey is due partly, but not entirely, to lactose. 

Lactose may act to produce diarrhea in several possible ways, for example : 

(a) Direct stimulation of intestinal muscles. (b) Hydragogue action; inter- 
fering with absorption of water and organic nutrients. (c) Alteration of intes- 
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tinal flora to an acidurie type, the aciduric flora then acting in several different 
possible ways. (d) Alteration of pH enough to stimulate the intestinal muscula- 
ture. (e) Maintenance of a positive oxidation-reduction potential. (f) Stimu- 
lation of intestinal muscle through its nerve supply by small amounts of unhydro- 
lyzed lactose in the blood. 

Of these possibilities, the first, third and sixth are contraindicated by the 
available evidence, while the fourth appears to be an effect rather than a cause 
of the diarrhea. The possible relation, if any, of the positive oxidation-reduc- 
tion potential to lactose diarrhea is not clear. Thus, at the present time, the 
second possibility, that of a hydragogue type of action, seems most plausible. 
However, some evidence does not support the idea that tissue dehydration is 
accomplished by persistent lactose diarrhea. Dehydration would be expected if 
a continuous hydragogue action were involved, unless water consumption were 
increased or urine volume decreased. It has been shown that water intake 
sometimes is increased, at least on rations consisting solely or largely of lactose. 
On such high-lactose rations, urine volume also increases as a result of the 
urinary excretion of galactose, whereas urine volume decreases in many diar- 
rheal conditions. However, the work of one investigator does indicate decreased 
diuresis when lactose is given. Water balance experiments at lower lactose feed- 
ing levels seem to be desirable in order to better evaluate the possibility of a 
hydragogue type of action. 

Other dietary constituents seem to influence the occurrence, severity and 
persistence of lactose-produced diarrhea. Certain calcium salts may decrease the 
severity of the diarrhea to some extent, while both calcium gluconate and sodium 
gluconate seem to increase the severity of the diarrhea and prevent adaptation to 
lactose feeding. It has been demonstrated that calcium chloride decreases the rate 
of lactose hydrolysis and galactose absorption. A certain portion of the salts of 
whey intensifies and prolongs lactose diarrhea. Increasing the amounts of fat 
in the diet tends to decrease the diarrhea, and there is some indication that butter 
fat may be more valuable in this respect than certain other food fats. The feeding 
of liver may postpone but not prevent the appearance of lactose-feeding symptoms 
on a high-lactose diet. 

Lactose has been used successfully in conjunction with and for prolonging the 
effect of LZ. acidophilus in transforming the intestinal flora to a predoniinantly 
acidurie type. The use of lactose without L. acidophilus seems to have definite 
therapeutic possibilities as yet little investigated. Evidence indicates that the 
permanent transformation of the flora by lactose depends upon sufficient amounts 
of the sugar continually arriving in the lower bowel, for the flora reverts to the 
normal mixed type when lactose feeding is discontinued or when intestinal stasis 
is produced. 

Adaptation to lactose feeding is evidenced by the diarrheal condition becoming 
less conspicuous or disappearing completely. 

Lactase occurs in the mucosal cells of the intestines of mammals, but not to any 
extent in the intestinal juice. Therefore, lactose hydrolysis must be mainly an 
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intracellular process, occurring during absorption. Since lactose diarrhea 
probably is the result of slight lactose hydrolysis and the resulting hydragogue 
effect, then the species, strain, age and individual differences in the severity of 
lactose feeding symptoms might be due to differences in intestinal lactase activity. 
Also, it seems likely that adaptation to lactose feeding is brought about by in- 
creased intestinal lactase activity. The results of one early investigator indicate 
that increased lactase activity does not result from continued milk or lactose 
feeding, but these experiments have not been confirmed. 
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ASCORBIC ACID OXIDATION IN MILK BY PREFORMED 
HYDROGEN PEROXIDE 


VLADIMIR N. KRUKOVSKY 


Department of Dairy Industry 
Cornell University, Ithaca, N. Y. 


The following experiments were undertaken to ascertain whether the activity 
of peroxidase or of some other substances were responsible for the rapid promo- 
tion of oxidation of ascorbie acid in milk to dehydroascorbic acid by preformed 
H.0,. The preliminary information pertaining to the subject was obtained in 
connection with the studies of the mechanism of the reactions involving ascorbic 
acid oxidation by added H,0., resulting in the stabilization of the lipid com- 
ponent of the milk system (4,5). It was observed that the rate of ascorbic acid 
oxidation varied inversely with the volume of 30 per cent H.O, added to milk, 
and the reaction was retarded appreciably when the amount of the reagent added 
was in excess of that required to oxidize ascorbie acid completely (5). From 
0.021 to 0.03 ml. of 30 per cent H,O, usually was needed to-complete ascorbic acid 
oxidation in the milk. This retardation of ascorbic acid oxidation suggested that 
the reaction is catalyzed by an enzyme which in turn is slowly inactivated by the 
H.O,. It was of interest, therefore, to learn if the heat inactivation of peroxidase 
in milk would result in non-reactivity of ascorbic acid and H.O,, and if the ability 
of milk to utilize H,O, for the oxidation of ascorbic acid could be restored by the 
addition of plant peroxidase. 

The experimental conditions adopted for this study also were found to be 
convenient for the reinvestigation of the copper catalysis of ascorbic acid oxida- 
tion by H,O,. This approach was prompted by the studies of Hand and Chase 
(3), which indicated that the differences between copper and light in their effects 
on the oxygen combining power of vitamin C could be accounted for by the as- 
sumption that copper catalyzes the oxidation of ascorbic acid by H.O.. 


EXPERIMENTAL 


Zilva (8), in his work on the rate of heat inactivation of peroxidase in milk, 
has shown that heating for several hours at 65° C. produced no effect on the 
peroxidase activity of milk, and that 1.3 minutes at 75° C. reduced its activity 
to 10 per cent. Consequently, the samples of milk used in the present study 
were heated for 30 minutes at 61.1 and 76.6° C., respectively. Portions of 
these samples then were treated with either one or several reagents in the fol- 
lowing order (per liter of milk): 0.09 ml. of H,O, (10 per cent, standardized 
by titration with potassium permanganate), 1 ml. of horseradish peroxidase 
solution (1) and 0.1 mg. of copper (as copper sulphate). They were held at 
20° C. during the first hour of digestion and then at 2 to 5° C. throughout 
the duration of the experiment. The changes in the ascorbic acid content of 
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the samples were followed by direct titration with 2,6-dichlorophenolindophenol 
in acid solution (6). 

A comparison of data presented in figure 1 revealed that ascorbic acid was 
oxidized rapidly and completely when H,O, was added to milk heated to 61.1° 
C., and that the reagent was not utilized for the oxidation of ascorbic acid in 
the milk heated to 76.6° C., the temperature at which, according to Zilva (8), 
the inactivation of peroxidase should be rapid and complete. The reaction was 
induced again, however, by the addition of horseradish peroxidase solution to 
non-reactive milk. 

These results definitely indicate that peroxidase in milk plays an important 
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Fig. 1. The effects of the heat treatment of milk and of the subsequently added horse- 
radish peroxidase and copper upon the rate of ascorbic acid oxidation by added hydrogen 
peroxide. 


part in the reaction involving ascorbic acid oxidation in the presence of added 
H.O,. It does not imply, however, that the peroxidase in milk utilizes H,O, 
directly for the oxidation of ascorbic acid. It is possible that the foregoing reac- 
tion proceeds in the milk via a series of reactions, resembling the system which 
was described by Tauber in his study of the interaction of ascorbic acid and 
peroxidase (7). 

It also could be seen that only a part of the ascorbic acid in the milk heated 
to 76.6° C., as indicated by the slope of the curve, was oxidized rapidly by H.O, 
with copper as a catalyst. It has been explained recently that copper acts as 
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an accelerator of ascorbic acid oxidation to dehydroascorbic acid in milk by at- 
mospherie oxygen and brings the system more quickly to the critical point at 
which the reaction is forced to deviate from its original course. This critical 
point was thought to be governed primarily by the ascorbic-dehydroascorbic acids 
equilibrium (5). This statement was supported by the observations showing 
that the reaction responsible for the breakdown of the lipid eomponent of the 
milk system, reaction which manifests itself by a rapid development of the in- 
tense tallowy flavor, is initiated more readily when a certain pressure between 
these two forms of vitamin C has been established. Since, in the course of as- 
corbie acid oxidation by H.O, with copper as a catalyst, dehydroascorbie acid, 
as determined by the Gunsalus and Hand method (2), accumulates in the sys- 
tem, it would be logical to assume that the establishment of an ascorbic-dehydro- 
ascorbic acid pressure caused the reaction to slow down. As before, it resulted 
in the promotion of the reaction which produces the off flavors in milk. This 
secondary reaction was not promoted when ascorbic acid was oxidized with hy- 
drogen-peroxide-peroxidase, either natural or added. 

In addition, it should be pointed out that when H,.O, was added to milk in 
excess of the amount needed to oxidize its ascorbic acid content (from 0.03 to 
0.12 ml. of 30 per cent H.O, per liter of milk), the subsequent heating for 30 
minutes at 61.1° C. invariably resulted either in retardation or inhibition of as- 
eorbie acid oxidation by H.O., as determined by the addition of these reagents 
to milk after the heat treatment. 


CONCLUSIONS 


Evidence is presented to show that peroxidase in milk might be responsible 
for the quick conversion of ascorbic acid to dehydroascorbie acid by added hydro- 
gen peroxide. The data show that the reagent was not utilized for the oxidation 
of ascorbic acid in the milk heated to 76.6° C., and that the reaction could be 
induced again by the addition of plant peroxidase. 
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PRESERVATION OF DAIRY PRODUCTS FOR THE 
PHOSPHATASE TEST 


GEORGE P. SANDERS anp OSCAR 8S. SAGER 
Division of Dairy Products Research Laboratories, Bureau of Dairy Industry, Agricultural 
Research Administration, U. S. Department of Agriculture, Washington 25, D. C. 


Results of recent investigations have shown that the alkaline phosphatase of 
cow’s milk is very stable in dairy products that have not undergone spoilage. 
For example, it was shown (7) that the enzyme retains a large proportion of 
its activity, sufficient for determination as an index of pasteurization, in Cheddar 
cheese which had been held in storage for several years. High activity likewise 
has been found, after storage for many months under usual refrigeration condi- 
tions, in samples of soft and semi-soft cheeses, butter, ice cream and sherbet 
made from under-pasteurized milk or cream. Scharer (10) showed that the 
enzyme in milk retains nearly all of its activity under storage conditions for 
considerable periods, in some instances as long as 7 to more than 10 days. 
Results of research in the authors’ laboratories have demonstrated also that 
fluid dairy products and perishable soft cheeses, prepared for consumption 
while fresh, retain their phosphatase activity for a much longer time if stored 
under refrigeration conditions adequate to effectively retard spoilage than if 
kept at room temperature. 

However, when spoilage takes place, considerable loss of phosphatase ac- 
tivity occurs. Scharer (10) pointed out that this loss may be due to the in- 
erease in acidity coupled with the inadequacy of the buffer under such extreme 
conditions to maintain the optimum pH for activity of the enzyme. Scharer 
also pointed out that it is difficult to obtain a representative sample of a milk 
that has spoiled. Results here have verified the hypothesis that excessive acidity 
causes partial inactivation of phosphatase. Furthermore, the results have dem- 
onstrated also that the increase in acidity makes it necessary, for reliable results, 
to modify the test by increasing the concentration and the alkalinity of the 
buffer in order to produce a pH of approximately 10, which is optimum for en- 
zymic hydrolysis (8) (9). 

In addition to the partial inactivation of the enzyme that results from a 
marked decrease in pH, our results have shown that additional inactivation 
oceurs in instances in which souring and spoilage are eceompanied by proteoly- 
sis. This inactivation suggests a decomposition of the base protein of the phos- 
phatase by proteolytic enzymes produced by microorganisms. Like the inactiva- 
tion produced by heat, this loss of activity accompanying proteolysis cannot 
be restored. 

Conversely, in some instances sufficient microbial phosphatase may be pro- 
duced by abundant growth of certain microorganisms during spoilage of dairy 
products to yield so-called ‘‘false positive’’ tests, thus seriously complicating 
the results and the interpretation thereof. 
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Hahn and Tracy (2) investigated the use of mercuric chloride, sodium sali- 
eylate, sodium tetraborate (borax), hydrogen peroxide and formaldehyde for 
preserving fluid milk to be tested for phosphatase. They kept samples at room 
temperature for 3 days and used the Scharer laboratory method for testing. 
They concluded that mercuric chloride was the only one of these chemicals which 
was satisfactory. The concentration of mercuric chloride used was stated to be 
one tablet in one-half pint of milk. Newlander (6) described two sizes of tab- 
lets, one containing 0.225 g. and another 0.45 g. of the chloride. Thus, the con- 
centration of mercuric chloride used in milk by Hahn and Tracy may have been 
either 0.09 or 0.18 per cent. 

Neave (5) found that mercuric chloride in a concentration of 0.01 per cent 
‘‘inereased the keeping quality of the milk from 1 to 8 days at 68° F.’’ and 
had no significant effect on milk phosphatase in samples tested by a modifica- 
tion of the Kay-Graham method. However, a concentration of 0.02 per cent, 
which apparently is much less than that used by Hahn and Tracy, had some 
destructive effect on the enzyme. Later, Scharer (11) reported that one tablet 
of mercuric chloride in one-half pint of milk completely destroyed the enzymic 
activity in 1 day in pasteurized milk with 0.5 per cent of raw milk added. 
His results indicated that 2 g. of borax per one-half pint of milk, a concentra- 
tion of approximately 0.8 per cent, decreased the phosphatase activity in the 
test from 5 to 3.5+ units in 3 to 5 days, but that it was the only effective com- 
mon preservative. 

Barber and Frazier (1) stated that mercuric chloride does not interfere with 
the test. They used 3 per cent of it to inhibit bacterial growth in pasteurized 
cream containing phosphatase-producing bacteria, and the results of phospha- 
tase tests after storage were negative. 

Mucciolo and Cerveira (4) reported that a concentration of 0.005 per cent 
of formaldehyde had no appreciable effect on the enzyme in milk stored at room 
temperature for 72 hours. However, the accuracy of their results is not con- 
elusive, since the phenol values stated to be unaffected by the preservative were 
reported as ‘‘more than 5 Scharer units,’’ a value much too low to indicate 
quantitatively the actual phosphatase activity of raw milk. 

The use of chloroform was recommended by Julien et al. (3) as a result of a 
study of various chemicals for the preservation of samples of cheese to be tested 
for extraneous matter. 

Because quantitative methods for precisely measuring phosphatase activity in 
dairy products were not available, it was not possible until recently to secure 
accurate information concerning the kinds, concentrations and inhibitory ef- 
fects of the chemicals that might be used to preserve dairy products for the 
test. The quantitative phosphatase test developed in these laboratories (8) 
requires the use of some reagents that are different from those used in earlier 
tests and involves different and more precise control of the pH, as was pointed 
out earlier (9). In view of these modifications, it was conceivable that the 
newer test might give different and more conclusive results. 


168 GEORGE P. SANDERS AND OSCAR §S. SAGER 


In view of the need for increasing the usefulness and the application of the 
test for all dairy products as an index of pasteurization, and because of the im- 
portance of preserving samples that require shipment without refrigeration to 
a laboratory for testing, it was desirable to investigate the use of preservatives 
with the Sanders-Sager test (8). The objectives of this research were to deter- 
mine the kinds and concentrations of various chemicals that would preserve 
milk and some other milk products for various periods of time at room tem- 
perature ; the possible inhibitory effects of various preservatives on the activity of 
the enzyme; and the possible interfering effects of preservatives in the test. 


METHODS 


The milks used were fresh and of high quality and were taken from the 
composite milks obtained from a large herd. All samples were prepared by 
pasteurizing a large part of each mixed lot and then adding raw milk in a pro- 
portion of 2.5 per cent. This was done principally to reduce the enzymic ac- 
tivity to a range in which the results of tests could be determined without mak- 
ing dilutions. Thus, the enzymic activities as well as the effects of preserva- 
tives were comparable with those that would be found in grossly under-pas- 
teurized milk and in pasteurized milk contaminated with considerable raw milk. 

Seven lots of milk were used, and 15 to 18 samples, with various preserva- 
tives in different quantities, were prepared from each lot. Thus, more than 110 
samples were tested during storage. The flasks and stoppers were sterilized, 
100 ml. of milk put in each flask, the preservative added and the contents mixed. 
The pH values were determined and phosphatase tests were begun within an 
hour after the addition of preservative. Subsequent pH and phosphatase de- 
terminations were made after storage at room temperature, which was between 25 
and 29° C., for 1, 3, 5, 7, 10, 14 and 21 days, or until extreme spoilage occurred. 
A sample of milk from each lot was stored at 3 to 5° C. as an untreated, re- 
frigerated control and was tested at similar intervals. The samples were ex- 
amined daily for physical evidences of spoilage, including lumping of the fat, 
separation of whey, formation of gas, curdling and unclean odors. 

In some instances in which the phosphatase values increased during storage, 
i.e. in a few samples containing borate, tests for microbial phosphatase were 
conducted by heating 1 ml. of the product in a tube for 5 minutes at 70° C. to 
destroy the milk enzyme, cooling to room temperature and then eonducting the 
test in the usual way. A positive test on a sample pasteurized thus is a re- 
liable indication of the presence of microbial phosphatase, i.e. of a so-called 
false positive result. Microbial-phosphatase controls were prepared by adding 1 
ml. of the appropriate barium borate-hydroxide buffer (pH 10.6) to 1 ml. of 
milk and heating the mixture (pH approximately 9.5) in boiling water for 5 
minutes to destroy microbial phosphatase, cooling and conducting the test. 

The samples of cheese were plugs of Cheddar and Swiss cheese, weighing ap- 
proximately 10 g., taken with a trier. They were placed in 1- by 8-inch test 
tubes, containing plugs of cotton moistened with chloroform, as described by 
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Julien et al. (3). Various quantities of chloroform, from 0.5 to 3 per cent of 
the volume of the containers, were used. The tubes with samples were stop- 
pered tightly and kept at room temperature. Similar samples, without preser- 
vative, were stored at 3 to 5° C. as controls. 

Determinations of the pH values of fluid samples were made with a Beck- 
man glass-electrode pH meter. Phosphatase tests were made by the Sanders- 
Sager method (8). 

RESULTS 

The preservatives that were tested experimentally in milk at room tem- 
perature are listed below, with the. respective concentrations used and the num- 
bers of days that elapsed before spoilage occurred, as indicated by physical 
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Fig. 1. Minimal concentrations of preservatives required to preserve milk for 7 to 10 
days (2.5 per cent of raw milk in pasteurized milk). 


changes, principally curdling, and by a relatively steep slope of the pH curve 
to approximately 5 or slightly lower. 

Chloroform: 0.25 per cent, 2 days; 0.5 per cent, 2-3 days; 1 per cent, 6-10 
days; 1.5 per cent, 10-21 days; 2 per cent, > 21 days. 

Toluene: 1 per cent, 2 days; 2 per cent, 6 days; 3 per cent, 8-12 days; 3.5 
per cent, > 21 days. 

Sodium tetraborate (borax) : 0.25 per cent, 3-4 days; 0.5 per cent, 4-7 days; 
0.75 per cent, 8-10 days; 1 per cent, 8-14 days; 1.5 per cent, 10-18 days; 2 per 
cent, 14— > 21 days. 

Sodium metaborate: 0.25 per cent, 4 days; 0.5 per cent, 7 days; 0.75 per 
cent, 11 days; 1 per cent, 13 days. 
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Sodium tetraborate-sodium metaborate mixture, equal parts by weight: 0.25 
per cent, 3-4 days; 0.5 per cent, 4-6 days; 0.75 per cent, 7-10 days; 1 per cent, 
8 days; 1.5 per cent, 10 days; 2 per cent, 13 days. 

Formaldehyde: 0.005 per cent (7.e., 0.0125 per cent of a 40 per cent solution 
by volume), 4-7 days; 0.01 per cent, 6-14 days; 0.03 per cent, 14-21 days; 0.05 
per cent, 16 days; 0.1 per cent, > 21 days. 

Mereurie chloride: 0.005 per cent, 2 days; 0.01 per cent, 3-6 days; 0.025 
per cent, 6-7 days; 0.05 per cent, 7-14 days; 0.1 per cent, > 21 days. 

Hydrogen peroxide: 0.015 per cent (/.e., 0.05 per cent of a 30 per cent solu- 
tion), 2 days; 0.03 per cent, 3-4 days; 0.06 per cent, 8-16 days; 0.09 per cent, 
10-21 days; 0.15 per cent, > 21 days. 

Correlation of the pH data with the results of physical examinations of the 
samples showed that changes in pH generally were a reliable criterion of the 
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Fic. 2. Effects of preservatives on phosphatase activity of milk in storage for 10 days 
(2.5 per cent of raw milk in pasteurized milk). 


physical changes indicative of spoilage. The effectiveness of the chemicals for 
preserving milk was evaluated, therefore, on the basis of changes in pH. Illus- 
trative data showing the minimal concentration of each chemical that was effee- 
tive in preserving the milk adequately for testing, without any marked, unde- 
sirable changes in physical characteristics, for periods of 7 to 10 days are pre- 
sented in figure 1, and for periods of 14 to 21 days in figure 3. 

The results of phosphatase tests on these samples, showing the inhibitory 
effects on the phosphatase activity produced by the concentrations of chemicals 
indicated in figures 1 and 3, are presented in figures 2 and 4, respectively. 

The phosphatase values of the controls stored at 3 to 5° C. without preserva- 
tive, also shown in figures 2 and 4, decreased in 10 days from an average of 
48.5 to 43.5 units per ml., a loss of 10 per cent; and during the same period the 
pH values decreased from an average of 6.60 to 6.30. During 21 days the 
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average loss in enzymic activity in the controls was 20 per cent, and the pH 
decreased to an average of 5.20. These controls generally curdled during the 
third week. 

All of the chemicals tested, when used in suitable concentrations, were effec- 
tive in preserving the samples of milk for the periods of time indicated. How- 
ever, they differed greatly in the extent to which they inhibited the enzyme. 
All of the chemicals tested, except chloroform and toluene, produced a consid- 
erable decrease in phosphatase activity. The increasing order of their destruc- 
tive effects was as follows: chloroform, toluene, sodium tetraboiate (borax), for- 
maldehyde, mercuric chloride and hydrogen peroxide. 
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Fic. 3. Minimal concentrations of preservatives required to preserve milk for 14 to 21 
days (2.5 per cent of raw milk in pasteurized milk). 


Only chloroform and toluene had no seriously inhibitory effects on the en- 
zymic activity. The use of 1.5 to 2 per cent of chloroform or 3 to 3.5 per cent 
of toluene at 25 to 29° C. generally produced no more or very little more in- 
activation than was incurred under refrigeration at 3 to 5° C. Chloroform is 
considered to be more suitable than toluene as a preservative, because it is 
effective in lower concentration and also because it effectively prevents lumping 
of the fat for an indefinite period, especially when used in a concentration of 
1.5 per cent or greater. Moreover, both have distinctive odors, thus reducing 
greatly the danger of accidental poisoning. 

Sodium tetraborate, in concentrations sufficient to preserve milk, not only 
inhibited the enzyme more than did either chloroform or toluene (fig. 2 and 4), 
but also interfered in the test because of its marked buffering effect. When it 
was present, the pH values in the test generally were about 9.7 instead of within 
the optimal range of 9.85 to 10.2 (8,9). Thus, it was necessary to modify the 
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test by using a more concentrated barium borate buffer of greater alkalinity. 
Attempts to produce optimal pH conditions in the test by substituting sodium 
metaborate, which buffers at a higher pH value, were not successful. More- 
over, the metaborate was not found to be superior to the tetraborate as a pre- 
servative. 

Increases in phosphatase values (not included in figures), beginning gen- 
erally at 10 to 14 days, were found in occasional instances in only the samples 
containing borates, and tests made of portions of these samples following pas- 
teurization at 70° C. for 5 minutes showed that the increases were due to mi- 
erobial phosphatase. This condition may have resulted from the activity of 
phosphatase-producing organisms whose growth may be favored by the rela- 
tively high pH produced in milk by borate (figs. 1 and 3). 
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Fig. 4. Effects of preservatives on phosphatase activity of milk in storage for 21 days 
(2.5 per cent of raw milk in pasteurized milk). 


Figures 2 and 4 also show that the enzymic activity was inhibited appre- 
ciably by 0.01 to 0.03 per cent of formaldehyde and more markedly by 0.05 to 
0.1 per cent of mercuric chloride and also by 0.06 to 0.15 per cent of hydrogen 
peroxide. The results of the tests begun within an hour after the addition of 
preservatives show that the inhibitory effects largely are immediate, regardless 
of storage, and are attributable to chemical effects of the preservatives upon 
the enzymic activity. 

Considerable lumping of the fat prior to curdling occurred with peroxide, 
mercuric chloride and formaldehyde, and some lumping occurred with tetra- 
borate and toluene, making it relatively difficult to secure homogeneous samples 
after storage. The use of chloroform eliminated this difficulty. 

Samples of hard cheese, stored at room temperature in stoppered tubes con- 
taining chloroform, showed no evidence of growth of mold within 3 weeks with 
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a quantity of chloroform equal to 0.75 per cent or more of the volume of the 
container, and none within 1 month with 1 per cent or more. The largest 
decrease in phosphatase activity in 1 month at room temperature in those in 
which 1 per cent of chloroform had been added was 8 per cent, and the largest 
decrease in 1 month with 1.5 per cent was 6 per cent. No microbial phospha- 
tase could be detected in tests made on samples taken from the surfaces of the 
preserved cheese. 

Some development of mold was found on the control samples of cheese stored 
at 3 to 5° C. without chloroform, beginning generally during the late part of 
the third week on the Cheddar samples and somewhat later on the Swiss samples. 
No evidence of microbial phosphatase could be detected in or on the surfaces of 
the refrigerated samples prior to 1 month. 

The results with chloroform conformed with those of Julien et al. (3) to 
the effect that it is an ideal preservative. 

It was pointed out by Scharer (11) that salicylates are not suitable for pre- 
serving samples to be tested for phosphatase, because salicylates react with 2,6- 
dibromoquinonechloroimine (BQC), producing the blue color of indophenol. 
This conclusion was verified in our experiments with sodium salicylate. Like- 
wise, cresols, resorcinols and naphthols were found unsuitable, because they also 
yield interfering colors. 

Without exception, samples to which a preservative has been added should 
be labeled plainly in the following or a similar manner: ‘‘ Poison, preservative 
added.’’ 

It should be recognized that concentrations of preservatives greater than 
those described herein may be necessary to preserve entirely raw milk for com- 
parable periods of time under summer conditions. 


SUMMARY AND CONCLUSIONS 


Research on the preservation of milk for the phosphatase test showed that 
each of the chemicals listed below will preserve fresh milk (in these experiments, 
mixtures of 2.5 per cent of fresh, raw milk in fresh, pasteurized mi‘ ) for periods 
as long as 10 days to 3 weeks under summer conditions at room temperature. 
The preservatives tested, arranged in increasing order of their inhibitory effects 
on milk phosphatase, were as follows: 1.5 to 2 per cent of chloroform, 3 to 3.5 
per cent of toluene, 1.5 to 2 per cent of sodium tetraborate (borax), 0.01 to 0.03 
per cent of formaldehyde (0.025 to 0.075 per cent of a 40 per cent solution by 
volume), 0.05 to 0.1 per cent of mercuric chloride, and 0.06 to 0.15 per cent of 
hydrogen peroxide (0.2 to 0.5 per cent of a 30 per cent solution). 

Chloroform was more effective than toluene as a preservative in the same 
concentration. Neither inhibited the enzyme appreciably. Other advantages 
of chloroform are that it prevents the fat emulsion from breaking, thus elimi- 
nating the separation of lumps of fat on the surface, and its presence can be 
detected very easily because of its distinctive odor, thus reducing greatly the 
danger of accidental poisoning. 
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Hydrogen peroxide, mercuric chloride and formaldehyde produced serious 
chemical inhibition of the activity of milk phosphatase. Sodium tetraborate had 
only a slight inhibitory effect, but the quantity of it necessary for preservation 
yielded in milk pH values of approximately 9.7 in the phosphatase test instead 
of optimal pH values of 9.85 to 10.2, and thus it interfered in the test. This 
excessive buffering interference could not be corrected adequately by substitut- 
ing the more alkaline sodium metaborate as a preservative. 

Phenolic compounds, including salicylates, cresols, resorcinols and naphthols, 
should not be used as preservatives in connection with the test, because they 
react with BQC and yield blue or other interfering colors. 

It is recommended that 1.5 to 2 per cent of chloroform be used to preserve 
fluid dairy products for the phosphatase test. For solid samples, including 
cheese, it is recommended that chloroform, in a quantity equal to 1.5 to 2 per 
dent of the volume of the container, be put on a wad of cotton in the sample 
tube or jar with the sample and that the container be stoppered tightly. 
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FROZEN HOMOGENIZED MILK VI. 
THE USE OF STABILIZERS IN FROZEN HOMOGENIZED MILK 


Cc. J. BABCOCK,! CAPTAIN JOSEPH N. STABILE, MSC, USA, ERNEST 8. WINDHAM, 
AND COLONEL RAYMOND RANDALL, VC, USA 


Veterinary Division, Army Medical Center, Washington 12, D. C. 


According to Tressler and Evers (10), the freezing of whole milk and con- 
densed milk is not being practiced on any large commercial scale, but since there 
is a growing demand for this product the industry should develop into a sizable 
one. The use of frozen homogenized milk to supply fresh milk to patients on 
hospital ships during World War II (1) has caused considerable interest in this 
product. However, there are two major problems which must be overcome before 
homogenized milk can be held for long periods of time in the frozen state before 
use. They are the development of methods for the preservation of flavor quality 
and the prevention of separation of the milk solids which is evident, at times, on 
thawing. 

While the use of stabilizers in ice cream and evaporated milk is widespread, 
_ reports of their use in frozen homogenized milk have not been found. However, 
Seekles and Smeets (9) report that the stabilization of milk without altering 
its pH may be affected by adding certain substances which cause the activity of 
the calcium ions to decrease. These workers found that sodium citrate slightly 
decreased the rate of flocculation, and that calcium-sequestering polyphosphates 
definitely retarded it but introduced a readily detectable astringent flavor. The 
desirability of delaying the appearance of protein flocculation and flavor defects 
is strongly indicated in reports of previous investigations (1, 2, 3, 4, 5, 6, 8, 11, 12). 


EXPERIMENTAL 


The present experiments were undertaken to determine the ability of certain 
chemicals to act as stabilizers and thereby materially increase the storage life of 
frozen homogenized milk. Homogenized milk with a fat content of 3.8 per cent, 
pasteurized by holding at 155° F. for 30 minutes and packaged in one-half pint 
paper containers by a commercial dairy was used. With the exception of ascorbic 
acid, the quantity of each stabilizer required to impart a detectable flavor to the 
milk was determined for the first series. A slightly smaller quantity then was 
added to the milk to be frozen. This amount of hydrogen peroxide used as a 
stabilizer, however, caused the milk to have an astringent flavor after it had 
been frozen and thawed and failed to reduce materially the bacterial content of the 
milk either before or after freezing. 

The chemicals used and their concentration per liter of homogenized milk were 
as follows: (a) ascorbic acid, 0.1 g.; (b) pectin, 1 g.; (¢) calcium chloride, 0.5 g.; 
(d) urea, 3 g.; (e) carboxyl methyl cellulose, 0.5 g.; (f) sodium citrate, 2 g.; (g) 
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Abnormal 


=very slightly; eSt.= strongly; 4Tr.=trace; 


aSl. =slightly; >V. sl. 
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disodium phosphate, 1 g.; and (h) 30 per cent hydrogen peroxide, 1 ml. An addi- 
tional group of samples to which no chemical was added served as a control group. 

The samples were frozen and stored at about -17.8° C.*.. They were removed 
and thawed for examination at intervals of about 10 days beginning with the fifth 
storage day. The degree of separation of the milk was measured by determining 
the quantity of sediment in 50 ml. by centrifuging, as was done in previously 
reported experiments (1). Flavor determinations again were made by a panel 
of three men experienced in milk judging. y 

Table 1 shows that sodium citrate was of greater value as a stabilizer than any 
of the other substances used. Separation was not noticeable in the milk samples 
containing sodium citrate until they had been stored for 145 days, and flavor 
deterioration was not evident until at least 105 days. Noticeable separation had 
taken place and flavor deterioration had become evident in the control samples 
after a storage period of 65 days. The milk with added ascorbic acid showed 
separation at the same storage age as did the control samples, but its addition pre- 
served the flavor slightly longer than did the addition of sodium citrate. The 
milk samples containing pectin, calcium chloride, carboxyl methyl cellulose and 
disodium phosphate each showed separation and flavor deterioration at about the 
same time as the control group. Urea and hydrogen peroxide each delayed the 
oceurrence of separation but did not help to preserve the flavor of the milk. 

To further establish their value as stabilizers in frozen homogenized milk, 
sodium citrate and sodium citrate in combination with ascorbic acid were used 
under different storage conditions. The homogenized milk used was of the same 
quality and was packaged in the same manner as that used in the first series. The 
three equal groups consisted of a control group, a group to which 2 g. of sodium 
citrate per liter was added and a group to which, in addition to the sodium citrate, 
100 mg. per liter of ascorbic acid was added. 

It has been shown that if homogenized milk is frozen and held for short 
periods of time at a low temperature and then moved and held in a frozen state 
at a much higher temperature, the stability of the milk is affected adversely (1). 
To simulate this adverse condition of storage, each of the three main groups was 
divided into sub-groups, first frozen and then treated as follows: A, held at a con- 
stant temperature of —11.5° C.; A, held at —17.5° C.; B, held at —27.5° C. and 
after 5 days held at —17.5° C.; B, held at —27.5° C. and after 25 days held at 
-17.5° C.; C, held at —27.5° C. and after 5 days held at —11.5° C.; Cz held at 
— 27.5° C. and after 25 days held at —11.5° C.; D, held at —17.5° C. and after 5 
days held at —11.5° C.; D, held at —17.5° C. and after 25 days held at —11.5° C. 
Representative samples of all sub-groups were examined at intervals of about 
10 days for flavor and sediment. 

Section A of table 2 shows that the addition of sodium citrate with ascorbic 
acid doubled the time that homogenized milk remained normal in appearance and 
flavor when frozen and stored either at — 11.5° C. or at about — 17.8° C. when com- 
pared with frozen milk without the addition of stabilizers. As was shown in table 


2 The thermostat controlling the temperature of the freezer had sufficient lag to cause a 
maximum temperature variation of about 8° C. ; 
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Influence of sodium citrate and sodium citrate with ascorbic acid on 
the stability of frozen homogenized milk 
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TABLE 2 


A—Frozen and held at: 


(A,) -11.5° C. 


(A,) -17.5° C. 


Character of sample 


: odium rate wi odium rate wit 
— Control citrate ascorbic Control citrate ascorbic 
acid acid 
Sediment in 50 ml. milk 

(days) (ml.) (ml.) (ml) (ml.) (ml.) (ml.) 

47 9.50 0.04 0.02 0.04 0.02 0.01 

55 0.70 0.20 0.15 0.50 0.02 0.02 

64 0.90 0.20 0.10 0.60 0.02 0.01 

74 0.70 0.30 0.25 1.00 0.02 0.02 

84 1.40 0.50 0.40 2.40 0.05 0.03 

95 2.50 0.30 0.70 1.60 0.03 0.03 

104 6.50 0.90 rn 0.08 0.05 

114 1.40 0.20 0.15 

123 8.50 0.70 1.00 11.00 0.10 0.40 

140 11.00 1.00 2.00 11.00 ieee 

154 10.50 2.00 1.10 12.00 0.80 0.70 

Flavor 

47 Tr. oxi- Normal Normal Normal Normal Normal 
dizeda 

55 Sl. oxi- Normal Normal Normal Normal Normal 
dized> 

64 Oxidized Normal Normal Normal Normal Normal 

74 Oxidized Normal Normal Normal Normal Normal 

84 Sl. oxi- Sl. flat Normal Oxidized Normal Normal 
dized 

95 Flat Normal Normal Oxidized Sl. flat Normal 

104 Sl. oxi- Flat Normal Sl. flat Normal 
dized 

114 Oxidized Flat Sl. oxi- Normal 

dized 
123 Oxidized Sl. oxi- Sl. oxi- Sl. oxi- Sl. oxi- Normal 
dized dized dized dized 
140 Sl. oxi- Sl. oxi- Oxidized 
dized dized 
Oxidized Oxidized Old, v. sl.¢ 
oxidized 
B—Frozen and held at —27.5° C.; moved to -17.5° C. 
(B,) moved after 5 days (B,) moved after 25 days 
Sediment 

35 

55 0.30 0.02 0.02 0.05 0.02 0.02 

64 0.50 0.01 0.01 0.30 0.02 0.02 

74 1.00 0.02 0.02 0.50 0.02 0.02 

a 0.03 0.05 1.00 0.03 0.07 

0.04 0.03 3.50 0.04 0.03 
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Flavor 
35 
47 V. sl. oxi- Normal Normal 
dized dized 
55 Sl. oxi- Normal Normal Tr. oxi- Normal 
dized dixed 
64 Sl. oxi- Normal Normal Sl. oxi- Normal 
dized dized 
74 Sl. oxi- Normal Normal Sl. oxi- 
~ dized dized Normal Normal 
Sl. flat Sl. oxi- Sl. oxi- Normal Normal 
. dized dized 
95 Normal Normal Sl. oxi- Normal Normal 
dized 
104 Flat Normal 
dized 


aTr.=trace; >Sl.=slight; ¢ V. sl.=very slight. 


1, the addition of sodium citrate delays separation or flocculation in frozen 
homogenized milk stored at a constant temperature. When the milk was frozen 
and stored at —-11.5° C., noticeable separation had occurred in the control samples 
that were thawed after 55 days storage. This separation was not noticeable in the 
samples containing sodium citrate until they had been stored from 95 to 105 days. 
The contral samples stored at about —17.8° C., showed separation after storage 
for 64 days. The samples containing sodium citrate, when stored at this tem- 
perature, did not show separation for more than 140 days. At each of the storage 
temperatures used the addition of sodium citrate also delayed the development 
of abnormal flavors. The development of these flavors was delayed further by 
adding ascorbic acid to the samples containing sodium citrate. This finding was 
more pronounced in the samples stored at about —17.8° C. than it was in those 
stored at —11.5° C. 

Sections B, C and D of table 2 show that the addition of sodium citrate and 
ascorbic acid prolonged the time that homogenized milk remained normal in ap- 
pearance and flavor when it was frozen and held at one temperature and then 
stored at a higher temperature. When the homogenized milk was frozen and stored 
for 5 days at — 27.5° C. and then moved to —17.8° C., or frozen and stored for 5 
days at — 27.5° C. and then moved to —11.5° C., or frozen and stored for 5 days at 
-17.8° C. and then moved to —11.5° C., noticeable separation was delayed from 
64 to more than 104 days, from less than 35 to 95 days, and from less than 35 to 
84 days, respectively. The appearance of flavor deterioration also was delayed 
from 47 to 84 days, from 47 to 95 days and from 35 to more than 84 days, re- 
spectively. } 

When the homogenized milk was frozen and stored for 25 days at —27.5° C. 
and then moved to —17.8° C., or frozen and stored for 25 days at — 27.5° C. and 
then moved to —11.5° C. or frozen and stored for 25 days at —17.8° C. and then 
moved to —11.5° C., sodium citrate plus ascorbic acid prolonged the period before 
noticeable separation occurred from less than 47 to more than 140 days, from 47 
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TABLE 3 


Influence of sodium citrate and sodium citrate with ascorbic acid on 


the stability of frozen homogenized milk (Cont’d) 


C—Frozen and held at -27.5° C.; moved to -11.5° C. 


(C,) moved after 5 days 


(C,) moved after 25 days 


Character of sample 


Sodium Cit- 


Total Control Sodium Cit- 
Sodium rate with Sodium rate with 
— citrate ascorbie Control citrate ascorbic 
acid acid 
Sediment 
(days) (ml.) (ml.) (ml.) (ml1.) (ml.) (ml.) 
25 
47 1.90 0.04 0.03 
0.20 2.00 0.10 0.10 
64 11.00 0.02 0.10 2.70 0.08 0.10 
74 10.80 0.15 0.20 2.00 0.10 0.50 
84 10.00 0.50 0.20 9.00 0.40 0.40 
. 0.40 1.00 0.50 0.35 
104 1.00 0.80 0.45 
0.80 
2.40 1.90 2.00 
Flavor 
25 Sl. flat 
47 Sl. oxi Normal Normal Sl. oxi- 
dized dized 
Normal Oxidized Normal Normal 
64 S1. oxi Normal Normal Oxidized Normal Normal 
dized 
74 Sl. oxi Normal Normal Oxidized Normal Normal 
dized 
84 Sl. oxi Sl. flat Normal Oxidized Normal Normal 
dized 
Sl. flat Sl. flat Sl. flat Normal 
Flat Flat Normal Normal 
140 Sl. oxi Flat Sl. oxi Oxidized 
dized dized 
D—Frozen and held at —17.5° C.; moved to -11.5° C. 
(D,) moved after 5 days (D.) moved after 25 days 
Sediment 
55 3.00 0.30 
64 3.50 0.30 0.30 3.5 0.02 0.40 
74 3.00 0.25 0.20 5.0 0.50 0.50 
a eo 0.70 0.80 7.0 1.90 1.60 
104 1.30 2.50 2.60° 
123 4.5 
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Flavor 
dized 
dized dized 
55 Oxidized Normal Oxidized Normal 
64 Oxidized Normal Oxidized Normal 
74 Oxidized Normal Oxidized Normal 
Sl. flat Sl. oxi- Normal 
dized 
dized dized 
114 


to 74 days and from less than 47 to 74 days, respectively. The appearance of 
flavor deterioration also was delayed from less than 47 to more than 104 days, 
from less than 47 to more than 123 days and from less than 47 to 84 days, re- 
spectively. The samples of frozen homogenized milk which contained ascorbic 
acid in addition to sodium citrate remained normal in flavor slightly longer than 
the samples containing only sodium citrate. 


CONCLUSIONS 


Sodium citrate in a concentration of 2 g. per 1. was found to be of value as a 
stabilizer in homogenized milk frozen and stored at —17.8° C. Separation was 
not noticeable in the thawed milk samples containing sodium citrate until they 
had been stored for 145 days, and flavor deterioration was not evident until they 
had been stored for at least 105 days. Noticeable separation had taken place and 
flavor deterioration had begun in the control samples after a storage period of 65 
days. 

Homogenizd milk containing added ascorbic acid in a concentration of 0.1 g. 
per l., frozen and stored at —17.8° C., showed separation when thawed at the same 
storage age as the control samples, although its addition preserved the flavor 
slightly longer than did the addition of sodium citrate alone. 

Hydrogen peroxide (30 per cent) in a concentration of 1 ml. per 1. and urea 
in a concentration of 3 g. per 1. each delayed slightly the occurrence of separation 
in homogenized milk frozen and stored at — 17.8° C. but did not retard the develop- 
ment of abnormal flavors. , 

Pectin and disodium phosphate, each in a concentration of 1 g. per 1., and 
calcium chloride and carboxyl methyl cellulose, each in a concentration of 0.5 g. 
per 1., did not delay separation or retard the development of abnormal flavors in 
homogenized milk frozen and stored at —17.8° C. 

The addition of sodium citrate with ascorbic acid to homogenized milk, frozen 
and stored at —11.5° C. and at —17.8° C. doubled the time the milk remained 
normal in appearance and flavor when thawed in comparison with the control 


dized 
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samples. The addition of sodium citrate with ascorbic acid also prolonged the 
time that homogenized milk could be frozen and held at one temperature and 
subsequently stored at a higher temperature and still be normal in appearance and 
flavor when thawed. 
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THE EFFECT OF A COMBINATION OF PENICILLIN AND 
STREPTOMYCIN UPON THE LIVABILITY AND BAC- 
TERIAL CONTENT OF BOVINE SEMEN’ 


J. O. ALMQUIST,2 P. J. GLANTZ,3 anp H. E. SHAFFER? 4 
Pennsylvania Agricultural Experiment Station, State College 


Earlier investigations at this Experiment Station (1, 2) demonstrated that 
either penicillin or streptomycin. will inhibit the growth of bacteria in diluted 
bull semen. However, concentrations as high as 2,000 units per ml. of diluted 
semen of either one alone failed to provide complete inhibition. In both studies 
organisms resistant to the antibiotic employed were encountered in certain of 
the diluted semen samples. 

It generally is recognizcd that streptomycin is more effective than penicillin 
against gram-negative microorganisms and that most strains of gram-positive 
organisms are more sensitive to penicillin than to streptomycin. Since both 
gram-positive and gram-negative bacteria are found among the predominating 
types in freshly collected bovine semen (5, 6, 7), it is possible that penicillin 
and streptomycin in combination would be more effective than either one alone 
in controlling bacterial growth in diluted semen. 

Thompson (8) and Boeing and Laffer (4) found that penicillin plus strep- 
tomycin satisfactorily inhibited bacterial growth when added to a selective me- 
dium used for the isolation of fungi. Williams and Plastridge (9) reported 
that the use of 100 units each of penicillin and streptomycin per ml. of medium 
controlled all bacterial contaminants sufficiently to permit growth of Trichomonas 
foetus. When used alone, a concentration of 1,000 units of streptomycin per 
ml. was required to free T. foetus from Pseudomonas aeruginosa. Literature 
recently reviewed by Beaudette (3) shows that a combination of penicillin and 
streptomycin was superior to either one alone for controlling bacterial con- 
tamination of various exudates and excretions. 

The present paper deals with the effect of a combination of penicillin and 
streptomycin upon spermatozoan livability and the control of bacterial growth 
in diluted bovine semen. 


EXPERIMENTAL 


Effect of penicillin-streptomycin upon spermatozoan livability. Based on 
the livability studies conducted by Almquist et al. (1, 2), the following levels 

Received for publication September 8, 1948. 

1 Authorized for publication September 1, 1948, as paper no. 1467 in the Journal Series of 
the Pennsylvania Agricultural Experiment Station. The penicillin and streptomycin were pro- 
vided by Charles Pfizer and Co., Inc., Brooklyn, New York. 

2 Dept. of Dairy Husbandry. 

8 Animal Pathology Laboratory, Dept. of Animal Husbandry. 

4 The authors wish to express their appreciation to Dr. W. T. 8. Thorp, now with the Na- 
tional Institute of Health, Bethesda, Md., for his suggestions concerning the conduct of the 
study. 
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of penicillin (P) and streptomycin (S) with appropriate controls were selected 
for testing: 100, 250, 500, 750 and 1,000 units of each antibiotic, 250 units of P 
plus 750 units of S, 750 units of P plus 250 units of S and 500 units of P plus 
1,000 units of S per ml. of diluted semen. The preparations used were the 
sodium salt of penicillin and streptomycin sulphate. 

The semen was collected and handled as previously described (1, 2), using 
a dilution rate of one part of fresh semen to 24 parts of egg yolk-citrate di- 
luter. The dry preparations of penicillin and streptomycin were dissolved in 
sterile sodium citrate solution and mixed with egg yolk to provide a diluter with 
1:1 ratio of yolk to buffer. The diluted semen was stored at 4.5° C., and motility 
estimations were made every 2 days for a storage period of 20 days. Bacterial 
plate counts were made on subsamples taken prior to storage and after storage 
for 8 days. 

TABLE 1 


The effect of a combination of penicillin and streptomycin upon the livability of bull spermatozoa 
(Mean of 13 determinations) 


Units per ml. of 


Per cent motile spermatozoa 


Strepto- Before After storage at 4.5° C. for 


Penicillin 
mycin storage ““4qays  8days  12days  16days 20 days 

0 0 65 58 43 33 20 8 
100 100 65 58 46 34 22 8 
250 250 65 59 46 35 22 10 
500 500 65 58 44 35 21 9 
750 750 65 57 44 35 18 8 
1000 1000 65 57 46 33 18 6 
250 750 65 57 45 33 20 8 
750 250 65 56 46 34 20 8 
500 1000 65 59 47 33 20 8 


The 13 ejaculates studied had a mean concentration of 1,022,000 spermatozoa 
per cubic millimeter, a mean initial motility of 65 per cent active spermatozoa, 
and a mean methylene blue reduction time of 10.6 minutes. 

Table 1 gives the mean motility data for the 13 ejaculates. Analysis of vari- 
ance involving 1170 motility estimations showed no significant difference be- 
tween treatments. A small but highly significant ejaculate x treatment interac- 
tion was obtained indicating that the various ejaculates responded somewhat dif- 
ferently to the several levels of the antibiotics in their livability during storage. 

Procedure used for bacterial studies. Plate counts were determined on un- 
diluted semen, yolk-citrate diluter and diluted semen before storage and after 
storage for 8 days at 4.5° C. Preparations of materials were timed so that 
plating procedures could begin as soon as the subsamples were taken. Plating 
of the fresh material was initiated within 1 hour following treatment with 
penicillin-streptomycin. 

Veal infusion agar containing 4 per cent defibrinated bovine blood was used 
for determining the approximate numbers of living bacteria. The samples were 
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Fig. 1. The effect of a combination of penicillin and streptomycin upon bacterial popula- 
tions in freshly diluted semen. 


plated in dilutions of 1: 10, 1: 100, 1: 1,000 and 1: 10,000 and incubated for 48 
hours at 37° C. Desoxycholate agar plates incubated for 24 hours at 37° C. were 
used for determining the number of bacteria belonging to the coliform group. 
Control plates for sterility tests of the agars and the water used for dilutions 
also were made. 

Effect of penicillin-streptomycin upon bacterial growth in diluted semen. 
The effect of penicillin-streptomycin mixtures upon bacterial growth in 5 samples 


Log of Number of Bacteria per ml. 
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Fig. 2. The effect of a combination of penicillin and streptomycin upon bacterial growth 
in diluted semen stored for 8 days at 4.5° C. 
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Fig. 3. The effect of a combination of penicillin and streptomycin upon bacterial popula- 
tions in freshly diluted semen inoculated with bacterial cultures. 


of diluted semen is shown in figures 1 and 2. It should be noted that logarithmic 
rather than arithmetic means have been used to present the mean number of 
bacteria in the 5 semen samples. Since 1:10 was the lowest serial dilution used 
and at least 25 colonies were required at this dilution before a count was con- 
sidered significant, any counts below log number 2.40 indicate only that the 


material was not sterile. 
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Fie. 4. The effect of a combination of penicillin and streptomycin upon bacterial growth 
in inoculated, diluted semen stored for 8 days at 4.5° C. 
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As illustrated in figures 1 and 2, treatment of diluted semen with penicillin 
and streptomycin together effectively controlled bacterial growth at all levels 
tested in both fresh and stored semen. No growth was observed on plates rep- 
resenting penicillin-streptomycin treated semen. The desoxycholate agar plates 
also were negative. However, bacterial contamination of the five fresh, undiluted 
semen samples was very low, as shown by the average plate count of 5,700 per 
ml. 

Effect of pencillin-streptomycin upon bacterial growth in diluted semen inocu- 
lated with bacterial cultures. Because of the relatively low plate counts obtained 
from the first five undiluted semen samples, the next five samples were inoculated 
with broth cultures of bacteria. Organisms isolated from previous semen plat- 
ings on veal infusion blood agar were transferred to veal infusion broth. Since 
no coliform bacteria were isolated from previous samples of semen, strains of 
Escherichia coli isolated from calf feces were used. Broth cultures of five dif- 
ferent types of bacteria, including gram-positive rods, gram-positive cocci and 
gram-negative rods, were utilized for inoculation of the undiluted semen. After 
incubation for 24 hours at 37° C., 0.1 ml. of each broth culture was removed to 
10 ml. of sterile nutrient broth. This dilution was mixed well and 0.5 ml. trans- 
ferred to 10 ml. of sterile broth. The latter dilution received directly 0.1 ml. 
of a 24-hour broth culture of coliform bacteria. After mixing thoroughly, 0.2 
ml. of the final dilution was removed to the freshly collected undiluted semen. 

The effect of a combination of penicillin and streptomycin upon bacteria! 
growth is illustrated in figures 3 and 4. Figure 3 presents the average plate 
counts of the freshly diluted, inoculated semen. The undiluted semen had a 
plate count of 270,000 per ml. (log 5.43), while the diluted semen without the 
antibiotics averaged 52,000 per ml. (log 4.72). There was a decrease to 4,000 
per ml. (log 3.60) when 100 units each of penicillin and streptomycin were 
added to the diluted semen. The number of bacteria per ml. decreased as the 
concentrations of penicillin and streptomycin increased. It is possible that 
better bacterial control of the fresh material was not obtained because the serial 
dilutions tended to dilute the penicillin-streptomycin concentrations below their 
most effective inhibitory level. 

Figure 4 shows the effect of the combined antibiotics upon bacterial growth 
in inoculated, diluted semen after storage for 8 days at 4.5° C. There were 
marked decreases in the bacterial plate counts as compared with the same samples 
plated before storage. At levels above 100 units each of penicillin and strep- 
tomycin, negative plate counts consistently were obtained. At the lowest con- 
centration tested, 100 units of each antibiotic, four of the five samples resulted 
in negative plates, but one sample gave a significant count of 4,000 per ml. The 
untreated controls had an average plate count of 16,000 per ml. and the undiluted 
semen had an average count of 120,000 per ml. after 8 days of storage. 

Effect of penicillin-streptomycin upon the growth of coliform organisms. As 
shown in figure 5, levels of penicillin and streptomycin above 100 units per ml. 
of each gave almost complete inhibition of organisms belonging to the coliform 
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Fie. 5. The effect of a combination of penicillin and streptomycin upon populations of 
coliform organisms in freshly diluted, inoculated semen. 


group. After storage for 8 days, figure 6 shows that all levels of the antibiotics 
effectively controlled growth of these organisms. When 100 units of each anti- 
biotic per ml. were added, five diluted semen samples showed an average coliform 
plate count of 2,500 per ml. before storage. However, figure 6 shows that nega- 
tive counts were obtained at this level when the samples had been stored for 8 
days. 

Log of Number of Bacteria per ml. 
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Fie. 6. The effect of a combination of penicillin and streptomycin upon growth of coli- 


form organisms in inoculated, diluted semen after storage for 8 days at 4.5° C. 
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_ The coliform plate counts in the undiluted and diluted semen containing no 
‘penicillia-streptomycin also decreased during storage. Before storage the in- 
oculated, undiluted semen had a count of 46,000 per ml., while during storage 
for 8 days there was a marked decrease to 740 per ml. The untreated, inoculated 
controls decreased from counts of 11,000 per ml. prior to storage to 2,000 per ml. 
after 8 days of storage. 


DISCUSSION 


An earlier report by Almquist et al. (2) demonstrated that levels of penicillin 
over 1,000 Oxford units per ml. of diluted semen were injurious to the livability 
of bull spermatozoa during the time in which practically all semen is used in 
routine artificial breeding. In similar studies with streptomycin, Almquist et al. 
(1) showed that levels exceeding 1,000 units per ml. of diluted semen significantly 
reduced spermatozoan livability during a 20-day storage period. In the present 
study, a combination of penicillin and streptomycin in concentrations as high 
as 1,000 units of each per ml. of diluted semen did not reduce significantly the 
ability of the spermatozoa to maintain motility during a storage period of 20 
days. Apparently penicillin and streptomycin act independently in their effects 
upon livability, as the total effect when used together appears to be no greater 
than when either is used alone. 

In comparison with the results of previous studies at this station (1, 2), the 
use of a combination of penicillin and streptomycin definitely is more effective 
for controlling bacterial growth in diluted bull semen than either one alone. 
The results of combined treatment with penicillin and streptomycin showed a 
marked complementary effect. In spite of inoculation with gram-positive and 
gram-negative bacteria prior to storage, penicillin-streptomycin treated semen 
consistently gave negative bacterial counts when plated following storage for 8 
days. Field studies now in progress also indicate that negative plate counts 
may be expected when diluted semen used for artificial breeding is treated with 
1,000 units per ml. of both penicillin and streptomycin. 

Penicillin and streptomycin assays were not determined in this study. How- 
ever, Almquist et al. (1, 2) found that when used separately these antibiotics 
were very stable in stored diluted semen. There was no significant loss in strep- 
tomycin activity and only a slight decrease in penicillin concentration in diluted 
semen stored for as long as 16 days. Fertility experiments using penicillin and 
streptomycin, alone and in combination, are in progress and will be reported as 
soon as the data are complete. 


SUMMARY 


1. The use of a combination of penicillin and streptomycin in levels ranging 
from 100 to 1,000 units of each per ml. of diluted semen did not affect significantly 
the livability of bull spermatozoa during a 20-day storage period. 

2. The use of a combination of penicillin and streptomycin effectively con- 
trolled bacterial growth in diluted bull semen. 
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BOOK REVIEW 


78. Milk and dairy products. L. M. Lampert. 
291 pp. $7.00. Chemical Publishing Co., Inc. 
1947, 


This book is intended as a summary of the 
more important points in the chemistry, bac- 
teriology, and the technology of milk and milk 
products. The illustrations are numerous and 
add considerably to the value of the presentation. 
References to the literature permit one to obtain 
additional information on many of the points 
covered. The paper and printing are quite sat- 
isfactory. The one criticism the reviewer would 
make is that the brevity of treatment has been 
carried to the point that the reader might be 
left without a satisfactory appreciation of the 
importance of some of the points which are not 
covered. An example of this is the failure to 
make any statement about any of the less com- 
mon varieties of bacteria which may be respon- 
sible for some of the more serious defects in the 
various dairy products. F. E. Nelson 


ANIMAL DISEASES 


W. D. POUNDEN, SECTION EDITOR 


79. The early features of bovine mastitis. J. F. 
Matcotm and M. M. Campsett. West of Scot- 
land Agr. College, 6 Blythswood Square, Glas- 
gow, C. 2. Proc. Soc. Applied Bact., 1946, 1: 
29-34. 1946. 


Observations were made on heifers as they 
entered the milking herd, examinations being 
made fortnightly or weekly throughout the first 
and succeeding lactations. In subclinical cases 
of mastitis, a rise in the cell content was the first 
indication of the presence of the disease; milk 
from mastitis-free animals usually had a cell 
count of less than 100,000 and frequently less 
than 50,000. Causative bacteria, e.g. streptococci 
and staphylococci, frequently were not found in 
milk having high cell counts, although cows 
giving such milk showed clinical evidence of 
mastitis. It was postulated that the pathogenic 
bacteria often considered as the cause of mastitis 
may be only secondary invaders which are en- 
abled to obtain a foothold owing to abnormal 
conditions initially caused by some unknown 
agent, specific or non-specific in nature. Basis 
for this also was claimed by the fact that non- 
specific mastitis in early lactations would in sub- 
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sequent lactations develop into definite infec- 
tions. M. L. Speck 


80. Sulpha preparation for animal mastitis. 
D. G. Perkins. (Assigned to E. R. Squibb and 
Sons.) U.S. Patent 2,453,259. 3 claims. Nov. 
9, 1948. Official Gaz. U. S. Pat. Office, 616, 
2: 439. 1948. 


A colloidal suspension of a chemotherapeutic 
agent of the sulphanilamide type in mineral oil 
is injected into the animal for treating mastitis. 

R. Whitaker 


81. Some observations on milk fever. A. 
Rosertson, J. W. Burcess, A. Marr, and Betsy 
J. C. Mitne. Vet. Record, 60, 42: 505-508. 
Oct. 16, 1948. 


This study includes data on 25 cases of milk 
fever. Seventeen of the cases responded nor- 
mally to calcium therapy, and blood levels for 
calcium, magnesium and inorganic phosphorus 
are tabulated for before treatment, soon after 
treatment and after recovery periods. The av- 
erage before treatment calcium level was 5.4 
mg % as compared to 11.85 mg % in the after 
recovery period. Magnesium increased slightly 
from 2.48 to 2.81 mg %, whereas inorganic phos- 
phorus increased from 2.1 to 3.6 mg % in the 
same periods. In most cases that did not re- 
spond to calcium therapy, inflation was used 
successfully, and the inorganic phosphorus showed 
a marked rapid rise following inflation. The 
authors suggested that in some cases of milk 
fever the treatment effect upon the inorganic 
phosphorus level may explain the observations 
of practitioners that at times inflation is a better 
treatment for milk fever than calcium therapy. 

R. P. Niedermeier 


BUTTER 
O. F. HUNZIKER, SECTION EDITOR 


82. Water insoluble fatty acids in cream and 
butter. J. Hituic and S. W. Autmann, Food 
and Drug Admin., Federal Security Agency, 
Washington, D. C. J. Assoc. Offic. Agr. Chem- 
ists, 31, 4: 739-749. Nov., 1948. 


An investigation was made of certain chemical 
changes taking place in cream constituents during 
initial lactic acid souring and in cream in which 
additional deteriorating changes had occurred. 
A relationship was found between the occurrence 
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of unidentified acids (acids other than lactic 
and volatile acids) in butter and the condition 
of the cream from which it was churned. The 
unidentified acids consisted chiefly of water-in- 
soluble acids. When butter was made from de- 
composed cream, the quantity of water-insoluble 
acids increased materially. There was no sig- 
nificant change in the content of water-insoluble 
acids in butter during storage for 5 months at 
0° F. The presence of mold tended to increase 
the water-insoluble acids in butter. Experiments 
designed to study the partition of water-insoluble 
acids between butter and buttermilk showed that 
most of the acids were retained in the butter, 
very little being found in the buttermilk. In- 
dividual cans of cream classified as being de- 
composed usually contained much larger quanti- 
ties of water-insoluble acids than cans of cream 
classified as satisfactory for buttermaking. 
F. J. Babel 


83. Volatile acids in cream and butter. Part 1. 
The development of butyric acid during the pro- 
gressive decomposition of cream. F. Hu uic, 
Food and Drug Admin., Federal Security Agency, 
Washington, D. C. Part 2. Butyric acid in 
commercial creams and butters. F. Hituic and 
Dorotuy Montcomery, Food and Drug Ad- 
min., Federal Security Agency, Washington, 
D. C. J. Assoc. Offic. Agr. Chemists, 31, 4: 
750-760. Nov., 1948. 

Experiments on the decomposition of cream 
showed that butyric acid frequently was pro- 
duced in cream when it had reached a point of 
being classified as unfit for human consumption. 
The butyric acid was thought to result from 
the breakdown of lactose and not from the hy- 
drolysis of the fat. When butyric acid was 
present in cream, a portion usually was carried 
over into the resulting butter. When the amount 
of butyric acid present in butter was sufficient 
to be detected by the method employed (J. Assoc. 
Offic. Agr. Chemists, 28: 644. 1945), it was 
considered that the product had been made from 
some decomposed cream. An _ undeterminable 
amount of butyric acid in butter was considered 
as an indication that the product had been 
churned from sound cream. Butyric acid was 
not found in commercial sweet cream butter. 

F. J. Babel 


CHEESE 


A. C. DAHLBERG, SECTION, EDITOR 
84. Mikroflora und Struktur des Reifenden 
Camembertkases. (The microflora and struc- 
English 
Die Milchwissenschaft, 3, 


ture of ripening camembert cheese.) 
summary. 


2: 46-51. 


G. EIcEL. 
1948. 
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Camembert cheese was examined during its 
first 3 weeks of ripening for (a) microbial popu- 
lation, (b) types of flora, (c) pH changes on 
the surface and within the cheese. Direct micro- 
scopic counts were made according to Breed, 
using Newman stain. Eight smears were pre- 
pared from a 10 g. sample and 10 fields counted 
on each smear. The pH was determined on 
cheese solutions saturated with quinhydrone and 
read against a calomel half cell electrode. The 
distribution of microorganisms in the cheese 
structure was observed, using a modified pro- 
cedure of Bondioli which was conducted as fol- 
lows: small pieces of cheese 0.5 cm. wide were 
held in a desiccator (containing sulfuric acid) at 
4° C. from 1 to 4 days. The firmed cheese 
was cut 5u thick with a microtome, placed on 
a slide and treated with 1 drop of a mixture 
of alcohol-xylol-aniline oil. The excess liquid 
was removed with filter paper, and the dry prep- 
aration stained with Newman or Gram stain. 

Slight peaks in population were observed at 
1-2, 9-11 and 13-15 day old cheese. The first 
peak was due to acid-forming diplococci and 
streptococci, whereas the second peak was due 
to oidium, yeasts and Penicillium album, and 
the third peak was due to an increase in lacto- 
bacilli (Lactobacillus casei). The pH of the 
new cheese was the same throughout; the pH 
increased more rapidly in the outer layer than 
within, showing a difference of 1.74 units on the 
21st day of ripening, namely pH 7.73 as against 
pH 5.99. I. Peters 


85. Process for making cheese. Z. D. Rounpy 
and H. L. Kem. (Assigned to Armour and Co.) 
U. S. Patent 2,450,814. 11 claims. Oct. 5, 1948. 
Official Gaz. U. S. Pat. Office, 615, 1: 218. 
1948. 

Cheese, ripened in less than 1 week, is con- 
verted into process cheese products by thoroughly 
incorporating inactive proteolytic pancreatic zy- 
mogen material and an activating agent, such as 
enterokinase, in the milk at setting time. After 
cutting and firming the curd in the conventional 
manner, the curd and whey are heated for 10 to 
15 min. to 115° (range 110 to 120° F.) to activate 
the proteolytical enzyme. After the curd is 
drained and matted, it is cooled and held about 
5 days at 35 to 40° F. It then is ready for 
processing into cheese products. R. Whitaker 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 
F. J. DOAN, SECTION EDITOR 


86. Milk fat. How the product is manufactured 
and packaged. Its advantages and potential 
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uses. T. I. Heprick, North Star Dairy, St. Paul, 
Minn. Milk Plant Monthly, 37, 10: 80-83. 
Oct., 1948. 


The use of milk fat in the dairy, confection 
and baking industries has increased tremendously 
in recent years. This product offers some ad- 
vantages when compared to butter or cream in 
that it has a superior keeping quality and is 
less bulky, thus reducing storage and handling 
costs. 

Different methods of manufacturing milk fat 
have been perfected, but the method most widely 
used in the U. S. involves churning of the cream 
followed by a removal of varying amounts of 
water and non-fat solids from the melted butter 
by a filtering, boiling or centrifuging process. 

Packaging and storing present the greatest 
problem, since the fat is susceptible to oxidative 
and hydrolytic deterioration. The procedures 
advocated for preventing this decomposition of 
the fat are: (a) selection of a high quality raw 
ingredient, (b) avoiding contact of the product 
or raw materials with metallic catalysts, (c) 
pasteurization at 170° F. for 20 minutes, which 
destroys the milk enzyme lipase, (d) maintenance 
of a moisture content in the finished product 
under 0.3%, (e) deareation of the finished prod- 
uct to an oxygen content under 1%, (f) storage 
in nitrogen packed, hermetically sealed cans 
when the product is to be held above refrigera- 
tion temperatures, and (g) the use of antioxi- 
dants such as wheat germ oil and N.D.G.A. 

J. A. Meiser, Jr. 


87. Plastic cream. Its production and uses. 
R. J. Spiers, Abbots Dairies, Inc., Philadelphia, 
Penn. Milk Plant Monthly, 37, 10: 122-123. 
Oct., 1948. 


To produce a high quality plastic cream, only 
raw materials of excellent quality can be used, 
and freedom from copper and iron contamina- 
tion must be maintained throughout the manu- 
facturing process. Pasteurization after the first 
separation should take place at 170° F. for not 
less than 15 min. This is followed by a second 
separation at 145° F. Packaging should be done 
only when the product is sufficiently fluid to 
completely fill the containers. Rapid freezing 
is essential, thus air blast equipment which cir- 
culates large volumes of air at a temperature 
of 10 to 20° F. below zero is ideal. If these 
procedures are followed, the product offers no 
laboratory control problems. 

J. A. Meiser, Jr. 


88. Manufacture, use and storage of dehydrated 
sweetened condensed skim milk. A. T. Mussetr 
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and W. H. Martin, Kansas Agr. Expt. Sta., 
Manhattan. Ice Cream Rev., 32, 5: 44, 46, 48, 
50. Dec., 1948. 


A skim milk sugar solution containing around 
14 to 22% solids is dried to a powder. The 
product is said to be more easily dispersed in 
ice cream mix than powdered milk, is easier to 
handle and requires less storage space than liquid 
sweetened condensed milk. 

Experimental data pertaining to methods of 
manufacture indicate that the best powder from 
the standpoint of color, flavor and texture re- 
sulted when the temperature in the drying cham- 
ber was maintained at 325° F., with an atomizing 
pressure of 750 lb. per in.? and when the con- 
centration of the liquid before drying was 14 
to 22% solids. When a higher drying tempera- 
ture (375° F.) was used, a lower moisture con- 
tent resulted, but the powder prepared in this 
manner was less desirable from the standpoint 
of its color and flavor characteristics. 

Ice cream prepared with sucrose-sweetened 
skim milk powder was found to be equal to the 
control samples with respect to flavor, body and 
texture and whipping ability. On the other 
hand, the use of maltose-sweetened powder in- 
creased the acidity of the mix, impaired the 
whipping ability of the mix and resulted in an 
ice cream characterized by a pronounced malt 
flavor. Both the maltose and sucrose powders 
were more easily and completely dispersed in 
the mix than either non fat dry milk solids or a 
mixture of pulverized non fat dry milk solids 
and sucrose. 

Storage trials indicate that either glass or tin 
containers maintained the powders in better con- 
dition than when paper containers were used. 
Samples of the powder were stored for a period 
of 2 months at either 40° F. or at room tem- 
perature in tightly closed glass or tin containers 
without appreciable change in moisture content, 
acidity, solubility or flavor characteristics. 

W. J. Caulfield 

Also see abs. 101, 102, 114. 
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P. R. ELLIKER, SECTION EDITOR 


89. Pasteurization and its relation to health. 
Joun Anprews and A W. Fucus, U. S. Public 
Health Service, Washington, D.C. J. Am. Med. 
Assoc., 138, 2: 128-131. Sept. 11, 1948. 

This is an excellent review paper, published at 
the request of the Council on Foods and Nutri- 
tion, Am. Med. Assoc., because of recent pub- 
lished attacks on pasteurization. There is pre- 
sented a table of milk-borne disease outbreaks 
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reported during the years 1923-1945, comprised 
of 955 outbreaks, 40,177 cases, with 804 deaths. 
Obviously, reporting was not complete, and the 
data do not include sporadic cases of such diseases 
as typhoid fever, scarlet fever, septic sore throat, 
tuberculosis of bovine origin, infantile diarrhea, 
nor any significant amount of milk-borne brucel- 
losis. In 1945 alone, 5,049 cases of brucellosis 
and 101 deaths were reported, and about half 
are believed to have been of raw milk origin. 
The risk of contracting disease froin raw milk is 
approximately 50 times as great as from pasteur- 
ized milk. 

Pasteurization is said to be the most important 
protective measure which can be applied to milk. 
The process is described briefly. It is stated that 
more than 75% of the market milk supply of 
American communities of over 1,000 population 
is pasteurized. Objections that have been raised 
to pasteurization are declared to be unsound. 
Much information is presented to refute claims 
of loss of nutritive value during pasteurization. 
The authors conclude that it is obvious that 
physicians and health authorities are justified in 
recommending that all milk be pasteurized. 


D. P. Glick 


90. A new method for fixing, defatting and stain- 
ing milk and cream films. C. W. ANDERSON, R. 
Moeurinc, and N. O. Gunperson, Dept. of 
Public Health, Rockford, Ill. J. Milk and Food 
Technol., 11, 6: 352-357, 364. Nov.-Dec., 1948. 


THe authors suggest an improved method over 
the standard procedure for staining organisms in 
milk and cream. The slides are defatted and 
fixed in a chloroform-alcohol mixture for 1 to 2 
minutes, dried for 2 minutes and stained with a 
polychrome methylene blue stain solution from 
45 to 60 seconds. Fixing and defatting the milk 
film are combined in 1 step requiring from 3 to 
6 minutes. Granulated particles on the slide are 
reduced to a minimum, this giving a uniform 
stained preparation. Decolorization after stain- 
ing is not necessary since all the bacteria retain the 
dye. Detailed instructions and preparation of the 
reagents are given in the paper by the investiga- 
tors. H. H. Weiser 


91. Some general aspects of the inhibitory 
streptococci. A. Hirscu, Natl. Inst. Research 
Dairying, Univ. Reading. Proc. Soc. Applied 
Bact., 1946, 1: 26-28. 1946. 

The antibiotic activity possessed by strains of 
S. lactis and S. cremoris presents certain features 
which are important both industrially and aca- 
demically. The presence of such streptococci in 
starter cultures or their previous activity in milk 
intended for fermented products can be detected 
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by simple tests. The mode of action of the 
diplococcin produced by such streptococci ap- 
parently is different from that of the sulfonamides 
and penicillin. The former acts very rapidly 
without lysis of the cell, indicating a lethal action 
at the cell surface; the latter act more slowly, in- 
dicating interference with anabolic activities 
within the bacterial cell. 

S. lactis diplococcin is active against S. cre- 
moris, most other streptococci, other Gram-posi- 
tive cocci and rods, mycobacteria and certain 
fungi. S. cremoris diplococcin has little or no 
activity for organisms not belonging to serological 
group N. M. L. Speck 


92. Viability of Brucella abortus bovis in milk 
samples from infected cows. G. C. Van Drim- 
MELEN, Inst. of Onderstepoort, Pretoria, S. Africa. 
J. So. African Vet. Med. Assoc., 19, 2: 58-60. 
June, 1948. 

An intravenous injection of a field strain of 
Brucella abortus was made into a cross-bred 
Africander X Sussex cow. The cow aborted 1 
week after the injection. Milk from this cow 
was used in the tests. Sediments from 100 cc. 
samples of milk stored in sterile test bottles on 
laboratory tables were injected in rats at daily 
intervals after samples were taken. Rats injected 
with the culture from milk stored only 1 or 2 d. 
contracted the disease, whereas the rats receiving 
the cultures from milk stored for 3 and 4 d. failed 
to show signs of Brucella abortus. The authors 
point out the futility of taking samples on the 
open market for Brucella abortus examination. 
It is suggested that milk samples should be taken 
under hygienic conditions. The samples should 
be packed in ice if required to ship to a distant 
laboratory. K. M. Dunn 


93. Fragen der Milchhygiene. (Questions con- 
cerned with milk hygiene.) English summary. 
B. Kemxes. Die Milchwissenschaft, 3, 4: 108- 
111. 1948. 

The author lists sources of pathogens and shows 
the manner of their entrance into milk. After 
25 years of eradication, 25 to 37% of Germany’s 
milk cows still are infected with tuberculosis and 
20% with brucellosis. He points out further the 
entrance of large numbers of non-pathogenic 
undesirable microorganisms into milk. Pasteur- 
ization is not a remedy for unsanitarily produced 
milk. Rigid sanitary control and higher milk 
prices may result in a better quality milk. 

The supervision of the milk supply is not a 
problem of the veterinarians only, but should 
be the duty of the physicians as well. But be- 


cause the physicians are overloaded already with 
various duties, the responsibility of milk super- 
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vision should be turned over to hygienic bacterio- 
logical institutions, such institutions being well 
qualified for the task. I. Peters 


94. The toxicity of certain organic acids to 
yeast and mold in the presence of fruit juice-syrup 
mixtures. R. E. Morse, C. R. Fetters and A. 
S. Levine, Dept. of Food Technol., Univ. of 
Mass., Amherst. J. Milk and Food Technol., 11, 
6: 346-351. Nov.-Dec., 1948. 


The preserving effects of acetic, citric and lactic 
acids and sodium benzoate were studied when 
each was combined with fruit juice-syrup mix- 
tures. Acetic acid was more effective against 
mold than the yeast as compared to the other 
compounds, while yeast showed the reverse 
effect. Lactic acid required a concentration of 
6.25% to stop yeast growth as compared to 4.58% 
to prevent mold development. Acetic acid was 
more toxic to the test organisms than either 
citric or lactic acids H. H. Weiser 


95. Method of fermenting whey. E. R. ENGEL. 
U. S. Patent 2,449,064. 10 claims. Sept. 14, 
1948. Official Gaz. U. S. Pat. Office, 614, 2: 
415. 1948. ; 


A fermented alcoholic whey product is pro- 
duced by culturing with yeast and sugar at 58 to 
72° F. for 3 d., followed by a series of holding 
periods at lower temperatures, decantation of 
the liquid and final aging to produce a liquor of 
light green color, pleasant taste and bouquet and 
a milk smoothness. R. Whitaker 


96. Chemical engineering unit processes review. 
Fermentation. H. E. Smtcox and S. B. Lee, Merck 
& Co., Rahway, N. J. Ind. Eng. Chem., 40, 9: 
1602-1608. 1948. 

This paper is one of 18 review articles on unit 
processes. Sections of the fermentation review of 
interest to the dairy industry include those on 
riboflavin, penicillin and lactic acid. 

B. H. Webb 

Also see abs. no. 83, 84. 
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H. H. SOMMER, SECTION EDITOR 


97. The cholesterol content of cows’ milk. B. 
Natar, O. Micketsen, A. Keys, and W. E. 


PeTersEN. Univ. of Minn., Minneapolis and 
St. Paul. J. Nutrition, 36, 4: 495-506. Oct., 
1948. 


The cholesterol content of “winter” and “sum- 
mer” milks from Holstein, Jersey and Guernsey 
cows was determined. No ester cholesterol was 
found. The average cholesterol content of milk 


A21 


from all cows was 11.4 mg. per 100 ml. during 
winter and 11.3 mg. during summer. Holstein 
milk contained more cholesterol in summer than 
winter, but the reverse was true for Jerseys. 
These seasonal differences were barely significant. 
The data from Guernsey cows were less complete 
and a similar comparison was not made. The 
milk from Holsteins contained less cholesterol 
than the other breeds during the winter, but 
differences between breeds were not significant 
for summer milk because of comparatively large 
variations between cows of the same breed during 
this season. 

Significant correlations were found between fat 
and cholesterol contents during both winter and 
summer. R. K. Waugh 


98. Uber den Nachweis der Kurzerhitzung der 
Milch mit Hilfe der Phosphatasereaktion. (On 
the phosphatase test for checking of short time 
heating.) English summary. G. ScHwarz and 
O. Fiscuer. Die Milchwissenschaft, 3, 2: 41-45. 
1948. 


Comparisons between the Scharer and the Kay 
and Graham phosphatase tests showed both tests 
to be equally sensitive. However, the difficulty 
in obtaining the rather expensive phosphotungstic 
acid and molybdate required in the latter test 
induced the authors to use the Scharer method. 
The Scharer test was modified in that the lead 
acetate was replaced by ZnSO,; borax by Na,CO, 
and NaHCoO,, and by the addition of N/4 NaOH 
to adjust the reaction to pH 9.3. The modified 
Scharer test required the following reagents: (a) 
1 g. disodium phenylphosphate (phenol free) to- 
gether with 1 g. Na,CO, and 9 g. NaHCO,, dis- 
solved in water to make 11. Prepare fresh daily. 
(b) 10% ZnSO,; (c) N/4 NaOH; (d) 10 mg. 
2,6-dibromoquinonchlorimid in 10 ml. of 96% 
alcohol. Prepare fresh daily and keep away from 
light. 

Procedure: To 0.5 ml. of milk add 10 ml. of 
buffer (a). Mix and hold for 2 hr. at 37° C. 
Add 1 ml. of 10% ZnSO,. Mix well and add 1.5 
ml. N/4 NaOH and filter through hardened filter 
paper (Schleicher and Schull 605, extra hard). 
Add to the clear filtrate 0.5 ml. N/4 NaOH and 
10 drops dibromoquinonchlorimid reagent. Hold 
for 15 minutes and determine extinction co- 
efficient, using filter 561. By omitting the use of 
ZnSO, and by increasing the holding time at 37° 
C. from 2 to from 4 to 6 hr., positive tests were 
obtained (a) if milk was heated for 30 minutes at 
61° C. instead of at 63° C., (b) if milk was 
heated at 62° for 20 minutes instead of 30 
minutes, (c) if milk was heated for short time 
holding at 69° instead of 71° C., (d) if 0.2% 
raw milk was added to properly pasteurized milk. 
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In order to prevent bacterial action during the 
longer holding time, p-chlorobenzoic acid was 
added to reagent (a) at the rate of 5 g. per liter. 
Although a Pulfrich photometer was used to make 


the readings, the observations also can be made . 


with the naked eye with a little practice. 
I. Peters 


99. The use of ascorbic acid in controlling 
oxidized flavor in milk. B. Wernstemn, M. Low- 
ENSTEIN and H. C. Orson, Okla. Agr. Expt. 
Sta., Stillwater. Milk Plant Monthly, 37, 10: 
116-119. Oct., 1948. 


The object of this experiment was two-fold, 
namely: (a) to determine how much ascorbic 
acid must be added to prevent the development 
of an oxidized flavor, and (b) how much ascorbic 
acid must be added to prevent the development of 
the off flavor in milk which contained various 
amounts of added copper. All determinations of 
ascorbic acid were made utilizing the modified 
Woessner method. 

Milk produced in winter showed a greater 
tendency to become oxidized than that produced 
in spring. Addition of 35 mg. of ascorbic acid 
per 1. of milk prevented development of an 
oxidized flavor in milk held at 45° F. for 72 hr., 
although identical unfortified samples became 
oxidized. In no case did 35 mg. of ascorbic acid 
prevent oxidized flavor in samples containing 0.25 
p-p.m. or more of added copper. In those samples 
containing 0.25 p.p.m. of added copper, 50 mg. 
of ascorbic acid was necessary to prevent the 
defect and in severe cases, such as samples con- 
taining 1 p.p.m. of added copper, as much as 150 
mg. of ascorbic acid was required. In all cases 
milk which became oxidized possessed a lower 
ascorbic acid content at the end of the storage 
period than those samples which did not become 
oxidized. J. A. Meiser, Jr. 


100. Lactic acid polymers as constituents of 
synthetic resins and coatings. P. D. Watson, 
Agr. Research Admin., U.S.D.A., Washington, D. 
C. Ind. Eng. Chem., 40, 8: 1393-1397. 1948. 


Lactic acid is produced by fermentation of the 
carbohydrates present in corn sugar, molasses and 
whey. Although cheese and casein whey are a 
potential source for 400,000,000 Ib. of lactic 
acid, only 6,000,000 lb. are produced annually 
from all sources. The relatively high price of the 
purified acid has retarded its greater use. About 
400,000 Ib. now are used in the plastics industry. 
This paper describes modified lactic acid con- 
densation polymers which may be of interest to 
the coatings industry. The most useful of these 
products appears to be a modified polylactylic 
acid-fatty oil polymer, from which tough, water- 
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resistant coatings may be formulated. Another 
class of resins is the metal polylactyl lactates 
derived almost entirely from lactic acid; these may 
be used for protective and decorative coatings. 
B. H. Webb 
Also see abs. no. 82, 83, 107. 


DAIRY ENGINEERING 
A. W. FARRELL, SECTION EDITOR 


101. Vacuum treatment of milk powder. H. 
SuipsTeap. (Assigned to Borden Co.) U. S. 
Patent 2,453,277. 3 claims. Nov. 9, 1948. Of- 
ficial Gaz. U. S. Pat. Office, 616, 2: 444. 1948 


Milk is spray dried in the conventional manner 
except that the moisture content is higher than 
that desired in the final product. The hot powder 
is conveyed without loss of heat to a vacuum 
chamber where a portion of the moisture in the 
powder is flashed off and the product is cooled. 

R. Whitaker 


102. Method for the evaporation and concentra- 
tion of liquids. G. G. Zaum. (Assigned to 
Hurd Corp.) U.S. Patent 2,450,774. 3 claims. 
Oct. 5, 1948. Official Gaz. U. S. Pat. Office, 615, 
1: 209. 1948. 


Liquid food products such as milk are passed in 
a film over a heat exchanger under vacuum. The 
vapors are condensed under vacuum and the flavor 
containing constituents in concentrated form may 
be collected and returned to the concentrated 
solids if desired. The process is conducted rapidly 
at a high vacuum and relatively little heated 
flavor is produced. R. Whitaker 

Also see abs. no. 116, 122. 


DAIRY PLANT MANAGEMENT AND 
ECONOMICS 


103. The future of milk consumption. A review 
of the main factors influencing milk consumption. 
L. Spencer, Cornell Univ., Ithaca, N. Y. Milk 
Plant Monthly, 37, 10: 124-130. Oct., 1948. 


Those factors of greatest importance in in- 
fluencing future milk consumption in the U. S. 
are: (a) population, (b) convenience, service, 
quality and availability of milk as compared to 
other foods. The author concludes that the 
general outlook of milk consumption is favorable, 
although there is a definite need for improving 
the attitude of the consumer towards the dairy 
industry. This he reasons can be done only by an 
increased effort to inform the public as to costs, 
prices and profits encountered by the industry, 
as well as to the nutritive value of the product. 

J. A. Meisez, Jr. 


FEEDS AND FEEDING 


104. How the Boston formula works. W. C. 
We tpon, H. P. Hood and Sons, Boston, Mass. 
Am. Milk Rev., 10, 11: 32, 34, 78, 79. Nov., 
1948. 

A new formula for determining the price which 
farmers receive for class 1 or fluid milk was 
put into effect in the Federal order markets of 
Boston, Fall River and Lowell-Lawrence on 
April 1, 1948. The formula is based upon an 
average of three separate indices, (a) wholesale 
commodity price index for the entire United 
States, as prepared by the Bureau of Labor 
Statistics, (b) department store sales index for 
New England, published by Federal Reserve 
Bank, and (c) farm labor and feed cost index 
prepared by the Federal Market Administrator. 
The average index is applied to the base price 
which existed in 1925-29. Price changes occur 
at 22-cent intervals when called for by the for- 
mula. Two additional price stipulations were 
super-imposed on the above formula price. A 
seasonal control factor provides for an increase 
of 44 cents per 100 lb. in the fourth calendar 
quarter and 44 cents decrease in the second 
calendar quarter. A supply-demand control fac- 
tor provides for a decrease of 44 cents per 100 
Ib. if a surplus greater than 41% exists for the 
previous 12 months, and an increase of 44 cents 
if the surplus is less than 33%. 

The older method of arriving at milk prices 
by making use of market quotations for butter 
and skim milk powder was unsatisfactory, and 
price changes subject to public hearings likewise 
proved unsatisfactory. Acceptance of the new 
formula has been favorable among all groups, 
but the real test will come when price reductions 
are called for. D. J. Hankinson 


105. Laboratory control of finished dairy prod- 
ucts. K. G. Wecke1, Univ. of Wis., Madison. 
Milk Plant Monthly, 37, 9: 34-36. Sept., 1948. 

The author divides the laboratory control of 
dairy products into four phases: (a) chemical 
control, (b) bacteriological control, (c) control 
of physical properties, and (d) control of organ- 
oleptical properties. A brief discussion of 
methods used to effect these controls is presented. 

J. A. Meiser, Jr. 


106. Ten tips to thrift. A.C. Krecuun, Pomp- 
ton Lakes, N. J. Ice Cream Rev., 32, 5: 37, 72- 
74. Dec., 1948. 

The author offers 10 helpful suggestions for 
keeping the tax expense at a minimum. The 
suggestions offered are as follows: (a) Deduct 
adequate depreciation to cover normal wear and 
tear on business property, machinery, non-me- 
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chanical equipment trucks, fixtures, etc. (b) 
Trade-in allowances on equipment when properly | 
handled may result in an income tax reduction. 
Whenever the trade-in allowance of equipment 
is less than the unrecovered book value of the 
equipment, a tax saving will result by selling 
the equipment for cash and recording the loss 
on the books. Such losses then may be deducted 
on the income tax return. (c) Repair and 
maintenance costs should be considered as ex- 
pense items which are deductible from income. 
Such items should not be considered as increas- 
ing the value of the assets of the business in 
which case they will increase the amount of tax 
to be paid. (d) Bad debts, both personal and 
business, should be written off and deducted. 
(e) Non-business expenses which include any 
items paid during the taxable year in connection 
with the earning of taxable income should be 
recorded and deducted. (f) Inventories should 
be carefully recorded and figured at cost or mar- 
ket value whichever is the lower. (g) Since 
deductions overlooked one year are not deduct- 
ible the following year, it is important that the 
tax return be set up in rough form before the 
books for the current year are closed. The re- 
turn then can be examined to make certain no 
transactions which might reduce the income 
tax have been overlooked. (h) Transactions 
throughout the year should be followed closely 
to make certain they are recorded to conform 
with those regulations which will give the maxi- 
mum relief from taxes. (i) Record promptly 
and accurately all transactions. Do not trust to 
the memory to recall details of transactions sev- 
eral weeks or months old. (j) Figure the income 
tax early enough to make it possible to determine 
what effect, if any, certain adjustments might 
have on the tax to be paid. W. J. Caulfield 


FEEDS AND FEEDING 


W. A. KING, SECTION EDITOR 


107. Comparison of methods for the determina- 
tion of carotene. J. V. Dersy, Jr., and J. B. 
DeWrrt, U. S. Dept. of Interior, Fish and Wild- 
life Service. J. Assoc. Offic. Agr. Chemists, 31, 
4: 704-708. Nov., 1948. 


Replicate samples of dehydrated alfalfa leaf 
meal were assayed for carotene content by using 
the methods of Wall and Kelley (Ind. Eng. 
Chem., Anal. Ed., 15: 18. 1943), a modified 
A.O.A.C. procedure, saponification of the ex- 
tracts of the modified A.O.A.C. procedure and 
an alcohol potash digestion method for extrac- 
tion of pigments. When the extinction coeffi- 
cients of the carotene solutions were plotted 
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against wave length, the results obtained by the 
4 procedures varied. The curves indicated that 
the extracts differed in amounts of other carote- 
noid pigments. The solution obtained by the 
Wall and Kelley procedure appeared to contain 
the highest percentage of pure §-carotene, al- 
though the total content of carotenoids was lower 
than that of any of the other methods. The 
amount of carotene found by the modified 
A.O.A.C. procedure was 45% greater than that 
found by the Wall and Kelley method. Dif- 
ferences observed in the results of assays on 
replicate samples were thought to be due to 
varying degrees of efficacy of the extraction 
technics. F. J. Babel 


108. Wood yeast as a protein supplement. E. G. 
Rrrzman, Univ. of N. H. Guernsey Breeders’ J., 
74, 6: 1025-1026, 1070. Nov., 1948. 

Two groups of three Guernsey cows each, were 
fed a grain mixture containing wood yeast as 
a protein supplement. Soybean meal was used 
in the check ration. The grain mixtures con- 
tained approximately 20% crude protein, with 
234 lb. of wood yeast replacing 250 Ib. of soy- 
bean meal. 

Group I was fed the mixture with wood yeast 
for 4 weeks and then switched to the mixture 
with soybean meal for 4 weeks. Group II was 
fed in the reverse order. The wocd yeast ap- 
peared to give as good results in milk production 
as soybean meal. A. R. Porter 

Also see abs. no. 111, 124. 


HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 


109. Your herd sire—expense or investment? 
G. E. Gorvon, Univ. of Calif. The Jersey Bull., 
67, 22: 1932-1933, 2041-2045. Nov. 25, 1948. 


Cost figures from the San Pasqual Breeders 
Association, Inc., San Diego County, California, 
show $146.53 annual costs per bull for invest- 
ment and capital. Current annual costs aver- 
aged $222.00 for feed, $81.11 for labor and $7.50 
for veterinary service and miscellaneous, or a 
total annual cost of $457.14 per bull. 

A bull with 8 daughters averaging 42 Ib. of 
butterfat more than their dams is estimated to 
contribute an additional $336.00 per year to the 
herd income or $1680.00 increased income over 
a 5-year period. In addition, his bull calves 
sold for higher prices and his daughters had 
greater sale value. Bull calves from an unproved 
bull sold for an average of $168.00. After his 
proving with 110 lb. of butterfat increase for 
his daughters over their dams, his sons sold for 


an average of $455.00 each. The figures given 
show the need for careful selection of a herd 
sire as a good investment. A. R. Porter 


110. Die Leistungsvererbungen Schweizer Braun- 
viehstiere in der Allgauer Herdebuchzucht, unter 
besonderer Berucksichtigung des Fettprozentge- 
haltes. (The heritable factors of the Brown 
Swiss bulls in the Allgau pedigree cattle breeds 
with special consideration of the percentage of 
butterfat.) English summary. H. Korpricu. 
Die Milchwissenschaft, 3, 4: 89-97.' 1948. 

The records of 13 domestic and imported 
Brown Swiss bulls were examined for herd im- 
provement. The milk yield and the per cent 
butterfat of the daughters were compared with 
that of the respective dams of the domestic 
Allgau breed. The results showed that both 
superior and inferior bulls had been imported 
from Switzerland. It was concluded that the 
import of expensive sires was justifiable only in 
cases where herd improvement was certain. 

I. Peters 


111. Forage crop management for higher yields. 
C. M. Harrison, Mich. State College, E. Lansing. 
Hoards Dairyman, 93, 22: 859. Nov., 1948. 
The value of the following mixtures for hay, 
pasture and green manure was studied: I. Red 
clover, alsike clover, white clover, timothy and 
Kentucky blue grass. II. Timothy, smooth 
bromegrass, perennial rye grass, Kentucky and 
Canada blue grass. III. Alfalfa, red clover, al- 
sike, white clover and smooth bromegrass. IV. 
Alfalfa, red clover, alsike clover and white clover. 
Four blocks of each mixture were left for hay, 
4 were pastured continuously by sheep and the 
remaining 4 were used for first hay and second 
crop pasture. The three systems of management 
were carried on over a 3-year period. Mixtures 
III and IV produced approximately twice as 
much hay over the 3-year period as did mixtures 
I and II. Mixture I (predominantly red clover 
the first year) produced very little more the first 
year or in total than did mixture II. Mixtures 
I and II produced no second cutting in 2 of the 
3 years and a comparatively small amount only 
in the first year. Yields under grazing treatment 
varied in much the same manner as they did 
when cut for hay. During the 3 years, mixture 
I produced 9,079 Ib. hay and 828 days of grazing; 
mixture II, 8,213 Ib. hay and 774 days; mixture 
III, 14,703 Ib. and 2,058 days; and mixture IV, 
11,689 lb. and 2,022 days. It appears that 
mixtures containing alfalfa were almost twice as 
productive as the straight grass or grass-red 
clover mixture when measured as hay or by 
grazing livestock. J. B. Frye, Jr. 
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ICE CREAM 


Cc. D. DAHLE, SECTION EDITOR 


112. Ice cream mixes as influenced by homo- 
genization of only a part of the mix. W. A. 
KrienkeE and R. A. Hisss, Fla. Agr. Expt. Sta., 
Gainesville. Ice Cream Trade J., 44, 11: 48, 49, 
78, 79. Nov., 1948. 


Fractional homogenization of ice cream mixes 
made from cream (40% fat), condensed skim 


milk (36% serum solids), sodium alginate and. 


water (180 p.p.m. hardness) proved satisfactory 
when 54% of the mix containing all the milk 
products was homogenized. Satisfactory whip- 
ping resulted and the body and texture score of 
the ice cream was only slightly below that of 
ice cream made from a completely homogenized 
mix. This practice if used would result in some 
saving on power and a smaller homogenizer 
could be used. W. H. Martin 


113. Superheating ice cream mixes. W. H. 
Martin, Dairy Husb. Dept., Kansas State Col- 
lege. Ice cream Field, 52, 4: 65-6. Oct., 1948. 


The author reports results obtained on super- 
heating ice cream mixes by injecting live steam 
into mix made in a vacuum pan. Heating 
the mix at 190° F. for 10 minutes increased 
mix viscosity 33%, whereas heating at 210° F. 
for 10 minutes increased mix viscosity 250% over 
that of mixes not superheated. The whipping 
properties of mixes were impaired slightly by 
superheating. Superheating mixes at 190° F. for 
10 min. or at a higher temperature or for a 
longer time impaired the flavor of the resulting 
ice cream. The body and texture of ice cream 
made from superheated mixes containing stabi- 
lizer were equal to and often superior to ice 
cream manufactured from mixes not superheated. 
Ice cream made from superheated mixes con- 
taining no stabilizer was coarse in texture. 

Bacterial destruction as a result of superheat- 
ing was efficient. Counts of 200 to 400 bacteria 
per ml. were common, and it is claimed that the 
process can be depended upon to reduce the bac- 
teria count to 10,000 per ml. or less. 

W. C. Cole 


114, Storing milk solids for ice cream. C. D. 
Dante, W. F. Couns, and J. A. MEIsEr, 
Dairy Dept. Penn. State College. Ice Cream 
Field, 52, 4: 53. Oct., 1948. 

The following recommendations are made: 

Frozen cream: Use sweet cream with 40% fat 
or more, pasteurize at 170° F. for 10 minutes 
or longer, cool and run into new tinned 50 Ib. 
cans. Freeze at —15° F. and store at about 
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-10° F. Avoid copper equipment. Employ 
suitable crushers or slicers to avoid mess and 
work of defrosting. 

Plastic cream: Precautions for frozen cream 
apply except that the fat content is about 80%. 
Use essentially as butter of 93 score. 

Concentrated mix: A concentrated mix or a 
blend of fat and solids-not-fat of the proper ratio 
can be frozen and stored. Heat to 170° F. for 
10 minutes before condensing. Use copper free 
equipment. 

Frozen mix: Pasteurize the whole mix at 170° 
F. for 20 minutes before freezing; may be stored 
for 6 months and does not require rehomogeni- 
zation, but authors advise storing concentrated 
mix instead. 

Frozen condensed milk: Plain condensed skim 
milk tends to curdle when frozen and held for 
long periods of time, but the product will disperse 
in the hot mix if handled properly. They recom- 
mend preheating of skim milk at 160 to 170° F, 
instead of the higher tempetatures commonly 
used; condense to 3:1 or 4:1 and freeze; store at 
-10 to -15° F. Either plain or superheated 
condensed skim milk may be frozen and stored, 
and the product has been useable after 6-12 
months in storage. W. C. Cole 
115. Fried ice cream. Anonymous. Ice 
Cream Rev., 32, 5: 40. Dec., 1948. 


A new novelty item recently introduced in the 
ice cream field is “Frigid Frys” or fried ice 
cream. In making this novelty a portion of ice 
cream of any desired shape is covered with a 
specially prepared dough and fried in deep fat 
for approximately 1 minute. This will cook the 
dough to a light brown color without melting 
the ice cream. Frigid Frys require no special 
dishes for serving and are well adapted for the 
carry out trade. They are said to have all the 
sales appeal of pie a la mode. It is anticipated 
that exclusive dealer territory will be established 
for distribution of this new novelty item. 

W. J. Caulfield 


116. Wind tunnel eliminates need for big har- 
dening room. ANonyMous. Ice Cream Rev., 
32, 4: 74, 76. Nov., 1948. : 


A compact wind tunnel costing approximately 
$3,000 has been installed in the plant of the 
Kilgore Eastland Creamery, Eastland, Texas. 
The tunnel with suitable shelving occupies a 
space 3 feet wide, 6 feet high and 8.5 feet long. 
It is capable of hardening the output of an 80- 
gallon per hr. continuous freezer in a continuous 
movement process. 

When a container of ice cream from the freezer 
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is placed on a shelf on the tunnel, it is used to 
push ahead the container in front of it. By 
the time the ice cream has travelled the length 
of the tunnel, it is thoroughly hardened and may 
be stored in the hardening room or loaded di- 
rectly onto trucks. 

Advantages claimed for the comparatively low- 
cost hardening tunnel are smoother textured ice 
cream and less need for maintaining a large stock 
of ice cream on hand. W. J. Caulfield 


G. B. Arm- 
Ice Cream 


117. Refrigerating with dry ice. 
STRONG, Mathieson Chemical Corp. 
Field, 52, 2: 31, 34, 35. Aug., 1948. 

Dry ice now is being used in large trucks for 
wholesale delivery and small trucks for door-to- 
door sales, as well as in ice cream cabinets, in 
retail stores and to refrigerate take home pack- 
ages of ice cream. In wholesale delivery trucks, 
bunkers are installed so they will be accessible 
when the truck is fully loaded. Air circulation 
may be helped by installing blowers. For eco- 
nomical use of dry ice refrigeration of trucks, 
(a) adequate bunker capacity, (b) use of eco- 
nomical design of truck body, (c) efficient insula- 
tion—at least 6 inches of standard insulation and 
(d) proper hardening of ice cream before loading 
truck are stressed. A well-constructed ice cream 
truck body with 3 compartments (400 gal. ca- 
pacity) should not exceed an average daily re- 
quirement of 50 Ib. of dry ice. A 2-compartment 
dry ice cabinet in a room at 70° F.. requires 
about 11 Ib. per day. An ice cream packing 
chart for dry ice accompanies the article. 

W. C. Cole 


118. Abbotts solves its truck moisture problems. 
E. W. Hotcren, Abbotts Dairies. Ice Cream 
Field, 52, 2: 32-33. Aug., 1948. 


For somewhat over 20 years, Abbotts Dairies 
Fleet Maintenance Dept. has had in affect a 
checking system to reduce to a minimum the 
accumulation of moisture in truck bodies. This 
check includes: (a) Weighing of the truck an- 
nually to determine any increase in gross weight 
of empty trucks compared with these weights 
when the trucks were new; the cause of any in- 
crease is determined. (b) A regular inspection 
is made of the refrigerated plates. (c) The 
electrical energy required to operate the com- 
pressors is measured. (d) All refrigerated units 


are defrosted once a month. 

An expanded polystyrene is used for insula- 
tion, with ends and sides 6 in. thick and floor 
and roof 8 in. thick. A water asphalt emulsion 
is used on the joints and on the outside of the 
insulation just under the metal covering. 
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The delivery trucks are equipped with me- 
chanical refrigeration compressors of 1.5 H.P. 
capacity connected to 4 eutectic plates, while 
the transport trucks are refrigerated with dry 
ice. W. C. Cole 


119. Ice cream preference tests. P. S. Lucas, 
Mich. Agr. Expt. Sta., E. Lansing. Am. Milk 
Rev., 10, 12: 56-58. Dec., 1948. 

Pure vs. imitation vanilla and strawberry fla- 
vors were rated in order of preference by the 
general public. Five combinations of vanilla 
flavoring were rated by 44 persons as follows: 
first—pure vanilla; second—imitation vanilla; 
third—pure vanilla reinforced with vanillin; 
fourth—pure vanilla reinforced with coumarin 
and fifth—vanilla fortifier only. Five combina- 
tions of strawberry flavoring were rated by a group 
of 15 experienced scorers as follows: first—true 
fruit strawberry extract; second—true fruit 
strawberry concentrate; third—strawberry flavor, 
single strength, reinforced; fourth—imitation 
strawberry flavor and fifth—special imitation 
strawberry. The above 5 strawberry flavor com- 
binations were rated by 23 inexperienced scorers 
in the same order as the experienced scorers 
except the second and third ratings were re- 
versed. The above strawberry flavoring materi- 
als were added to 5 gal. ice cream mix plus 3 
qt. strawberries. It was concluded from this 
study that consumers prefer pure flavoring ma- 
terials in ice cream. D. J. Hankinson 


120. Slide rule to greater dealer profits. T. E. 
HEINDENREICH, JR. Ice Cream Trade J., 44, 11: 
33, 71, 72. Nov., 1948. 

A slide rule to be used in the determination of 
the exact cost of any fountain item has been de- 
veloped by the General Ice Cream Co. of Sche- 
nectady, N. Y. “The working portion of the rule 
is a slide which can be set at the cost per gallon 
of ice cream. Four sets of figures come into view 
showing the exact cost of 5 different scoop sizes, 
4 weights of pints, 5 weights of quarts and the 
factory filled pints. All figures are based on a 78 
oz. gallon.” W. H. Martin 


121. Combined spoon and lid for containers. 
R. C. Wirson. U. S. Patent 2,453,393. 2 claims. 
Nov. 9, 1948. Official Gaz. U. S. Pat. Office, 
616, 2: 474. 1948. 

The disk-shaped lid of a paper cup, suitable for 
ice cream, is scored in such a manner that a 
section of the lid may be easily detached and 
folded to form a spoon-like member. 

R. Whitaker 

Also see abs. no. 87, 88. 


MILK 


MILK 


P. H. TRACY, SECTION EDITOR 


122. Die Milchannahme vom Fahrzeug bis zum 
Annahmebehalter. (Reception of milk.) Eng- 
lish summary. W. ScHutz. Die Milchwissen- 
schaft, 3, 2: 29-36. 1948. 


Milk should be loaded into trucks in a manner 
permitting quick and easy unloading. Loading 
and unloading from the side is preferable. A 
mechanical can carrier with moving chains is best 
and for easy unloading should not be higher than 
the lowest loaded truck. Cans should pass 
through rinse, defroster (if necessary) and cover 
loosener and should be examined on their way to 
the dump tank. For quick, easy dumping of 
milk, a suitable can dumper should be installed, 
requiring a minimum of physical labor, leaving 
the cans in an inverted position on their way to 
the can washer. I. Peters 


123. Observations on rough or “spotty” homo- 
genized milk. G.M. Trout and J. R. BRuNNER, 
Mich. State College, E. Lansing. Milk Plant 
Monthly, 37, 10: 92-94. Oct., 1948. 


The rough granular substance adhering to the 
inner surface of a partially emptied homogenized 
milk bottle was found by microscopic examination 
to be a fatty material that was stained readily by 
Sudan III. Routine line checks of the processing 
operation proved that non-homogenized milk was 
contaminating the homogenized product in the 
bottle filler reservoirs. Either ceasing to bottle 
cream prior to bottling homogenized milk or a 
thorough clean-up between operations eliminated 
this defect. J. A. Meiser, Jr. 


124. Benzene hexachloride flavored milk. H. 
G. Linpguist and R. W. Donatpson, Univ. of 
Mass., Amherst. J. Milk and Food Technol., 11, 
6: 325-326. Nov.—Dec., 1948. 


Potatoes grown in fields treated with benzene 
hexachloride, or 666 to destroy wire worms, were 
rendered unfit for human consumption. A util- 
ization of these potatoes as cattle feed prompted 
the authors to study the effects on the flavor of 
milk from cows fed these products. An off-flavor 
was observed in the potatoes and in the milk. 
However, the flavor varies in intensity and only 
a keen sense of taste will detect it. No specific 
chemical test was satisfactory to detect the pres- 
ence of this compound in milk. The investigators 
are of the opinion that the presence of small 
amounts of benzene hexachloride in potatoes or in 
milk obtained from cows fed the potatoes is harm- 
less to humans. H. H. Weiser 
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125. Paper bottle top. J.P. Jones. (Assigned 
to Dairy Specialties, Inc.) U.S. Patent 2,453,- 
133. 2 claims. Nov. 9, 1948. Official Gaz. 
U. S. Pat. Office, 616, 2: 408. 1948. 

Milk may be poured easily from a paper bottle 
by inserting this device which consists of a gradu- 
ally pointed tube, ending in a discharge spout and 
provided with a projection to determine extent 
of insertion. R. Whitaker 


126. Milk delivery tube. J. A. Hopwoop. (As- 
signed to Monitor Process Corp.) U. S. Patent 
2,449,229. 2 claims. Sept. 14, 1948. Official 
Gaz. U. S. Pat. Office, 614, 2: 455. 1948. 
A tube for draining milk from milk cans is 
described; it may be detached easily for cleaning. 
R. Whitaker 


127. The reseparation method for increasing the 
viscosity of cream. A. C. Smiru and F. J. Doan, 
Penn. Agr. Expt. Sta., State College. Milk Plant 
Monthly, 37, 10: 84-88. Oct., 1948. 


Using a variable speed separator and maintain- 
ing accurate temperature controls, the authors 
found that the increase in viscosity obtained by the 
reseparation method was not due to centrifugal 
action, but was the result of a controlled heating 
and cooling treatment. This treatment, they 
reasoned, was nothing more than a variation of 
Hening and Dahlberg’s rebodying process. The 
reseparation method offered several disadvantages 
in that it enhanced cream plug formation and 
serum separation in aged cream and necessitated 
the use of an extra piece of equipment. 

J. A. Meiser, Jr. 


128. Cream defects—their causes and preven- 
tions. Lynn R. Grazer, Pfaudler Co., Roches- 
ter, N. Y. Am. Milk Rev., 10, 12: 64-65. Dec., 
1948. 


The 10 defects described are cream plug, 
feathering, foaming, high acidity, lipase activa- 
tion, off-flavors, oiling-off, poor whipping ability, 
poor viscosity and serum separation. Causes and 
preventions are listed in tabular form. 


D. J. Hankinson 


129. Milk fat in milk chocolate. L. W. Ferris, 
Food and Drug Admin., Federal Security Agency, 
Buffalo, N. Y. J. Assoc. Offic. Agr. Chemists, 31, 
4: 728-731. Nov., 1948. 


Results are presented which show that straight 
ether extraction of milk chocolate leaves an ap- 
preciable amount of milk fat unextracted. A 
method is presented which effects a more com- 
plete extraction of the fat. The method consists 
of extraction with ether, followed by the addition 
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of 1,4-dioxane and heating and final extraction 
with ether. In one instance slightly more than 
1% of additional milk fat was obtained by the 
proposed method. F. J. Babel 


130. Milk vending—a new horizon. E. J. New- 
coMER, City Milk Co., Inc. Am. Milk Rev.,10, 
11: 40, 42. Nov., 1948. 


Vending machines have not been used widely 
for dispensing milk. Health regulations and the 
wide variety of bottles used for milk have dis- 
couraged the design of automatic milk vending 
machines. However, automatic equipment now 
is available to dispense all types of containers, 
and some machines will dispense both chocolate 
and plain milk. When two products are de- 
livered by the same machine, it is possible to serve 
as many as 168 persons in 15 minutes. Auto- 
matic vending equipment is compared with manu- 
ally operated equipment, which served only 35 
units in 15 minutes. Automatic vending equip- 
ment is considered most adaptable to factory 
service and apartment houses. Machines must 
be capable of accepting varying amounts of 
money, because the price of milk varies widely in 
different areas. Either the 1/3 qt. or 10-oz. 
bottle is recommended. It is pointed out that 
consumers readily choose milk instead of other 
beverages where both milk and beverage vending 
machines are in use. D. J. Hankinson 


131. Concentrated apple juice and milk modi- 
fier. H. Sr. Cram. (Assigned to Ridgewood, 
Inc.) U.S. Patent 2,450,456. 10 claims. Oct. 
5, 1948. Official Gaz. U. S. Pat. Office, 615, 1: 
133. 1948. 


Milk for feeding infants and children is made 
more digestible and nutritious by blending with 
concentrated apple juice having a pH of 4.5 to 
5.5 and a density of 68 to 75° Brix. 

R. Whitaker 

Also see abs. no. 89, 93, 97, 98, 99, 103, 104, 
133. 


MILK SECRETION 


V. R. SMITH, SECTION EDITOR 


132. Die Regulierung der Laktation. (The reg- 
ulation of the lactation.) English summary. E. 
Fauvet. Die Milchwissenschaft, 3, 3: 61-65. 
1948. 


Lactation is a nutritive process found in mam- 
mals as well as in some lower classes of animals. 
In the lower classes of animals, some males and 
gonad-less individuals are capable of nursing the 
young. During the process of evolution, lacta- 
tion has become an economic and purely maternal 
passive performance. 


ABSTRACTS OF LITERATURE 


In the higher mammals the rudimentary mam- 
mary glands develop during pregnancy and start 
functioning autonomically after the disappearance 
of progesteron. The pituitary gland takes no ac- 
tive part in this process at first, since the hypo- 
thetically assumed milk-forming hormone does 
not exist. Only through the stimulatory act of 
sucking is the pituitary gland caused to produce 
a histotrope hormone, the latter maintaining and 
renewing continuously the parenchyma of the lac- 
tative glands. By means of this change, the 
mammary gland becomes independent of its fol- 
licle hormone and becomes subordinate to the 
pituitary controlling growth factor. I. Peters 


NUTRITIVE VALUE OF DAIRY 
PRODUCTS 


R. JENNESS, SECTION EDITOR 


133. The fortification of milk with vitamins A 
and D. Council on Foods and Nutrition. J. 
Am. Med. Assoc., 138, 1: 23. Sept. 4, 1948. 

The Council long has approved fortification of 
milk with vitamin D, but it has stated the opinion 
that fortification of milk as a general purpose 
food with vitamin is not in the interest of public 
health. There is no objection to the presence of 
viamin A when the preparation used for fortifying 
with vitamin D contains vitamin A in natural as- 
sociation. Fish liver concentrates often contain 
large amounts of vitamin A, and milk fortified 
with these concentrates has been accepted and a 
statement of vitamin A content has been permitted 
on the label. 

The Council believes that, even though the 
procedure apparently is harmless, evidence is lack- 
ing that fortification with vitamin A is in the in- 
terest of public health and does not constitute 
reason for the acceptance of advertising that sug- 
gests special nutritional advantages. Since milk 
is a good source of vitamin A, additional fortifica- 
tion with vitamin A may add to the cost of the 
milk. D. P. Glick 


SANITATION AND CLEANSING 


K G. WECKEL, SECTION EDITOR 


134. Wetting Agents. Some facts about the 
nature, uses and economic importance of wetting 
agents. R. H. Smith, E. I. Du Pont de Ne- 
mours & Co., Chicago, Ill. Milk Plant Monthly, 
37, 9: 80-81. Sept., 1948. 


Wetting agents may be classified according to: 
(a) the source of the raw material used in the 
manufacture of the compound, (b) the type ion 
produced when the compound is dissolved in 
water, and (c) the physical properties of the 
compound. 
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SANITATION AND CLEANSING 


The vast majority of wetting agents belong to 
the anionic group, being produced from non-fat 
raw materials, and should possess one or more of 
the following properties: (a) sequestering action, 
(b) power of penetration, (c) power of suspen- 
sion, (d) power of dispersion, (e) emulsifying 
ability, (f) detergency, and (g) ability to lower 
surface tension. 

Considering the above properties, all detergents 
may be called wetting agents. However, not all 
wetting agents can be classified as detergents. 

J. A. Meiser, Jr. 


135. Let’s look at brushes. Norman Myrick. 
Am. Milk Rev., 10, 12: 34-35. Dec., 1948. 


Since 20 to 25% of the labor in a milk plant 
is expended for cleaning, a knowledge of brushes 
is important. The diameter of a brush for the 
inside of sanitary pipe should be greater than the 
diameter of the pipe, but not so much greater that 
matting of the brushes occurs and swabbing ac- 
tion instead of brushing action takes place. The 
bristle should bow somewhat, allowing the end to 
do the cleaning. Separator discs are cleaned be- 
tween 2 counter-revolving brushes. Solution-fed 
brushes are useful for cleaning large surfaces. 
Nylon bristles, although more expensive than ani- 
mal fibre bristle brushes, are more durable. Fur- 
thermore, nylon bristles are available in various 
diameters and do not become water-soaked. 
Motor driven brushes also are useful. Cleaning 
solution temperature of 115° F. is suggested. 

D. J. Hankinson 


136. The influence of pH on the efficiency of 
hypochlorite solutions in sterilizing metal surfaces. 
C. M. Cousins and J. Wotr, Milton Antiseptic 
Ltd., and Deosan Ltd., John Milton House, 
Brewery Rd., London, N. 7. Proc. Soc. Applied 
Bact., 1946, 1: 15-19. 1946. 


Experiments were conducted with a culture of 
Staph. aureus and 2 cultures of thermoduric mi- 
crococci which were suspended in 10% skim milk, 
then inoculated on metal trays and dried. The 
highest destruction of the bacteria by hypochlo- 
rites containing 25, 50, 100 and 200 p.p.m. avail- 
able chlorine were at the alkaline pH values of 
9.5, 10, 10.7 and 11, respectively. Spores of B. 
subtilis, however, were destroyed by hypochlorites 
(50 p.p.m.) more quickly at pH 7 than at higher 
pH values. This difference in activity for hypo- 
chlorites on dried vegetative cells and dried spores 
was believed to be caused by formation of a chlo- 
roprotein in the case of the vegetative cells which 
have a cell wall of protein nature exposed to the 
action of dissociated hypochlorite. The refractile 


walls of spores were considered not to be of this 
protein nature, their destruction being dependent 
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on the concentration of undissociated hypochlo- 
rite present. M. L. Speck 


137. Sterilization of dishes and utensils in eat- 
ing establishments. G. R. Weser, Milk and 
Food Sanitation Lab., U. S. Public Health Serv- 
ice, Cincinnati, Ohio. J. Milk and Food Tech- 
nol., 11, 6: 327-333, 351. Nov.—Dec., 1948. 
Sanitization of dishes and utensils can be ac- 
complished by cleaning all utensils with an ac- 
ceptable detergent and rinsed, with hot water at 
170° F. for at least 2 min., with chlorine, or 
quaternary ammonium compounds. Since the 
latter compounds are not used widely, the author 
believes that they should be tested carefully be- 
fore being put into practical use. The type, num- 
ber of organisms and composition of the water 
used are important factors in ‘the sanitization of 
eating utensils. H. H. Weiser 


138. Good housekeeping, an essential of modern 


-dairy plant operation. W. M. Roserts, Dairy 


Manufacturing Dept., North Carolina. Milk 
Plant Monthly, 37, 10: 102-104. Oct., 1948. 


Good housekeeping in the dairy plant insures 
a high quality product that is more economical 
to produce. It provides sound advertising and 
prevents accidents in the plant that may lower the 
morale of the worker. 

Certain questions that may be used in evaluat- 
ing your plant from the good housekeeping stand- 
point are: (a) Are the outside surroundings of 
the plant neat and attractive? (b) Does the ap- 
pearance of the manager’s office set the standard 
for the plant? (c) Are the laboratories spotless 
and well arranged? (d) Are the processing 
rooms clean and devoid of leaky fittings? (e) 
Are adequate storage facilities provided, and are 
they kept clean? (f) Are locker rooms and 
toilets maintained in an orderly and sanitary 
manner? (g) Does the engine room meet the 
standards of the remainder of the plant? 

It is the responsibility of the plant owner or 
manager to insure good housekeeping in the plant, 
and it is his duty to direct, instruct and provide 
facilities for maintaining good housekeeping in 
the plant. J. A. Meiser, Jr. 


139. Clip for cleaner milk. N.N. ALLEN, Univ. 
of Wis., Madison. Hoards Dairyman, 93, 22: 
851. Nov., 1948. 


In this study every other cow in the milking 
line had the udder, flanks, thighs and tail clipped 
in the manner generally recommended. Alter- 
nate cows were unclipped. The cows were 
milked by hand and machine during the experi- 
ment. Samples for bacteria and sediment tests 
were taken before the milk was strained. The 


A30 


bacteria count of the milk produced by the 
clipped cows definitely was lower than that of the 
unclipped cows when the cows were hand milked. 
When the cows were machine milked, the aver- 
ages were in favor of the clipped group. Clip- 
ping did not reduce the sediment in the milk 
enough to change the grade. However, it is 
pointed out that the sediment test is not a very 
exact one and will measure only marked differ- 
ences. J. B. Frye, Jr. 


140. Types of material in accumulated dust and 
fine debris. T. J. Ctaypon, Kansas Agr. Expt. 
Sta., Manhattan. Am. Milk Rev., 10, 11: 24, 
76, 77. Nov., 1948. 


The dust and debris accumulations on ledges 
in creameries, cream stations and farms are shown 
to be closely related to the type of sediment found 


ABSTRACTS OF LITERATURE 


in empty shipping cans and in sediment tests of 
cream. Microscopic examinations of 80 samples 
of fine material collected at 3 creameries, 40 
cream stations and 6 farms were made. The ma- 
terial found was classified into one of ten types. 
The occurrence of the various types of material 
in the 80 samples was as follows: vegetable parts, 
97.5%; sand, 92.5%; coal dust, 82.5%; fibers, 
76.2%; rodent-like hairs, 53.7%; other hairs, 
67.5%; feather parts, 50.0%; insect parts, 38.7%; 
metal parts, 33.7%. Material not classified in 
one of the above types was listed as unidentified. 
Rodent-like hairs occurred most frequently in 
the farm samples. Insect parts occurred least in 
cream station samples. Coal dust and fibers oc- 
curred least in farm samples. The importance 
of controlling airborne contamination of cream 
and cream cans is indicated. D. J. Hankinson 
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Special Products for Dairy Processing 


1. FRIGIDRY—Lyophilized Dairy Cultures 


Reg. U.S. Pat. Off. 


The importance of the original culture in producing cultured dairy prod- 
ucts cannot be over-emphasized. Sub-zero, high-vacuum drying techniques 
developed during the war for sensitive biological fluids like blood plasma 
and penicillin have been adapted to the manufacture of Frigidry cultures. 
This has resulted in hyper-viable, stable cultures which produce optimum 
acidity, flavor and aroma in mother cultures in one generation. We have 
several leaflets which give the complete story. Write for them. 


2. BODY-GUARD—lIce Cream Emulsifier and Stabilizer 


Reg. U.S. Pat. Off. 


The value of stabilizers to control body and texture of ice cream is well 
established. Small amounts of Body-Guard, because of its high content of 
especially selected active ingredients, produce top-quality results, both as 
a stabilizer and emulsifier. For full information write for Leaflet No. 207 
and trial offer. 


3. PROVALAC—Carotene Dairy Fortifier 


Reg. U.S. Pat. Off. 


Carotene, the naturally occurring vitamin A active, yellow plant pigment 
is now available in convenient form for bringing fluid dairy products up to 
‘«June’’ level of color, vitamin A activity and flavor. Provalac is made of 
butter, fortified with carotene and emulsified in milk. It provides a simple, 
ready-to-use, carotene-restoring agent, requiring no special equipment to 
use and one which blends homogeneously with simple agitation. Write for 
a Provalac Demonstration Kit and Booklet No. 277. 


4. YELLO-A—Carotene Butter Color and Fortifier 


Trade Mark 


Cows color butter and enrich it with Vitamin A activity and so can you. 
Inert vegetable colors and inert coal tar dyes can now be replaced with 
Yello-A which will restore and standardize not only the natural, golden 
yellow trade mark of butter, but its vitamin A content as well. It may be 
used to obtain any degree of coloring and fortification dictated by local 
consumer preference. Samples are available for testing purposes. 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK CHAGRIN FALLS, OHIO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Quick and Simple Way 
to Check Milk Quality by Means of 


THE RESAZURIN TEST 


Sterile dry capped 3 dram vials, containing the correct 
amount of dry dye, ready to receive the sample of milk. 


$6.00 per gross f. o. b. 

Pullman, Washington 
A resazurin color comparator with four colors contained in 
walnut case for use with above vials ........... $8.00 


This makes a SAVING for you in 
TIME and MONEY 


Department of Dairy Husbandry 
State College of Washington 
Pullman 


Washington 
U.S.A. 


Orvus, the time-tested wetting agent 
and synthetic detergent 


—speeds cleaning action 

—boosts the efficiency of the alkali 

—assures thorough emulsification 

—reduces bottle re-runs, particularly 
on chocolate drink bottles 

—decreases solution drag-out by 

greatly lowering surface tension 


Orvus loses none of its cleaning effi- 
ciency in hardest water. Easy to use... 
economical . . .a little goes a long way 
in your soaker tanks. 

For further particulars about Orvus, write 


PROCTER & GAMBLE 


P.O. BOX 599 - CINCINNATI 1, OHIO 


Your advertisement is being read in every State and in 25 Foreign Countries 


use ORVUS 
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EMPHASIZE REGULAR CLIPPING 


for the production of quality dairy products 


Here’s what authorities say: 
National Dairies— ‘Clipping udders and 
flanks is the first step in clean milk pro- 
duction.” 

Univ. of Wisconsin— “Clipping saves time 
when preparing udders for milking.” 

Mich. Agri. Exp. Sta.— Clipping the hair 
from flanks and udder will reduce the 
bacteria count of milk as much as 79%.” 


STEWART 


ELECTRIC 


CLIPMASTER 


Leading Health authorities say: “A 
regular clipping program means 
more wholesome milk. It is an essen- 
tial step in the production of quality 
dairy products.” Clipping reduces 
sediment, lowers bacteria, avoids Encourage this 
contamination and helps in the con- 4 gement practice. Educational helps, 


trol of lice, ticks, etc., which greatly circulars, and visual aids are avail- 
affect milk production. able to help you in your program. 


Powerful 
air-cooled 
ball bearing 
motor inside 
the handle 


NOW AVAILABLE . . . Bulletin 100—Simple 5-step method 
of clipping. Free upon request. 
This handy manual graphically illustrates the 


simple steps that can be easily and quickly 
learned by anyone. Contains no advertising. 


NAME. 


ADDRESS. 
CITY. ZONE. STATE 


Mail to 
SUNBEAM CORPORATION (formerly Chicago Flexible Shaft Co.) 
Dept. 141, 5600 West Roosevelt Road, Chicago 50, Illinois 


Your advertisement is being read in every State and in 25 Foreign Countries 


13 


| 
oF CUPPING CATTLE 
na Cove Form 
ry 
77 


14 


MAKES A GOOD MIXER! 


Seriously, if rapid salt solubility is a particular 
problem in your manufacturing or processing, 
you should know why Diamond Crystal Alberger 
Process Salt is such a fine “mixer.” 

Unlike slow crystallization methods, the 
Alberger system makes use of high brine pres- 
sure which is developed to such an extent that 
super-saturation takes place in a special cham- 
ber. When this pressure is suddenly released, 
the salt is literally blasted out of solution into 
fine “flasher flakes”—in a split second! 


These microscopic “flasher flakes” differ from 
the usual type of salt crystal because they pos- 
sess a high specific surface which permits them 
to dissolve faster than ordinary salt crystals. 

If you require a quick-dissolving salt, count 
on Diamond Crystal Alberger Salt for more 
rapid solubility. Our Technical Director will 
gladly recommend, for your use, the correct 
Diamond Crystal product. Write: Diamonc 
Crystal, Dept. H-17, St. Clair, Mich. 
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FLAV-O-LAC 
FLAKES 


THE CULTURE . 


of definitely better as 
flavor & aroma pro- 
ducing qualities. 

The standard with 
foremost operators 
agricultural schools & 
colleges. 


FLAV-O-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 
bottles $2.00. 
SPECIAL FLAV-O-LAC FLAKES ‘‘40” 


produce 40 quarts of starter on a single prop- 

agation. Single bottles $3.50. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on request. 


THE 


DAIRY LABORATORIES 


28rd & Locust Sts., Phila. $, Pa. 
BRANCHES 


ASSOCIATES 


Washington 
See our catalog in Dairy Industries Catalog 


New York Baltimore 


DIAMOND CRYSTAL 
GALT 


PROCESS 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marschall Rennet 
generously for maximum results. 
MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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BREEDER’S EQUIPMENT CO. 


Supplies for Artificial Insemination of Animals 


FLOURTOWN, PA. 


_NEW INSTRUMENTS NOW 
AVAILABLE 


(R-50) Molded rubber artificial 
Vagina casing. Four colors— 
Black, Red, White, Tan. 


(G-1) Annealed glass inseminating 
tubes with improved bullet-nose 
tip. 

(G-11-20) Large size tube carrier, 
Pyrex Brand glass barrel. 


for the modern 
dairy plant 


For complete specifications send for 
illustrated catalog No. 102. 


> helps you attain correct, year- 
around sanitation in dairy plants 


+ + « aids in the production of higher 
quality dairy products 


For Top Quality Dairy Products 


¢ gives dairy plant operators more 
complete, easy, economical clean- 
ing and disinfecting 


provides training in correct sani- 
tation procedures for dairy plant 
clean-up crews 


Complete information... 
prepared especially for you 
« is available upon request. 
Let us help you with your prob- 
lems. Your inquiry is invited. 


THE DIVERSEY CORPORATION 
53 W. Jackson Boulevard, Chicago 4, Illinois 
In Canada: The Diversey Corporation (Canada) Ltd., Toronto, Ontario 


"CHR. HANSEN'S LABORATORY, INC. 
MILWAUKEE 14, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the Journal is reserved 
for the publication of original research voluntarily submitted by members of the 
association to the JouRNAL and review articles by invitation. In the case of joint 
authorship the membership ruling applies to one author only. 

Papers that have‘already appeared in print or that are intended for simulta- 
neous publication elsewhere will.not be accepted. 


Manuscripts.—Manuscripts should be submitted in double spacing on one side 
of suitable 84” 11” paper. The original copy—not the carbon—should be fur- 
nished, packing it flat—not rolled or folded. All illustrative and tabular material 
should accompany the manuscript. The position of each illustration and of each 
table should be clearly indicated in the text. 

In the case of manuscripts, other than review articles prepared by invitation, 
that contain more than 12 printed pages, the author is charged at the rate of $5.00 
per page for all pages in excess of twelve. This charge is omitted in the case of 
articles of extraordinary merit. 

Manuscripts voluntarily submitted, when approved for publication, will be pub- 
lished in the order of their receipt. Manuscripts should be sent to the Editor, F. E. 
Netson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. 

Drawings.—Drawings, diagrams and charts for illustrations should be prepared 
for reproduction as line drawings or halftone engravings. The original drawings 
should be done in India ink on white or blue-white tracing cloth, tracing paper, or 
Bristol board and neatly lettered in India ink. Legendary material on the drawing 
should be neatly lettered in India ink—not typewritten. 

The original drawings—not photographs of the drawings—should accompany 
the manuscript. Illustrations not in proper finished form will be prepared for pub- 
lication and the author charged for the cost of the work. 

Photographs.—Photographs for halftone reproductions should be glossy prints, 
free of all imperfections. 

Legends.—All illustrative materials, both drawings and photographs, should be 
accompanied by appropriate legends, typewritten on a separate sheet of paper. 

Tabular Material—Tabular material in the manuscript should be clear, concise 
and accurate. Simple tables are more effective than complicated ones. If possible, 
tables should be so organized that they may be set crosswise of the page. In many 
instances it is possible to materially improve the appearance and usefulness of 
tabular material without sacrificing completeness of information, by condensing 
detailed data and presenting them in simple, summarized, tabular form. 

References.—References should be listed alphabetically as to authors and num- 
bered; and citations in the text should be made by the number in parentheses, corre- 
sponding to the number in the reference list. 

Each reference should contain the following data in the following order: Name 
and initials of author or authors; title of the articles referred to (principal words in 
the titles of all articles should be capitalized) ; name, volume, number, page number 
and year of publication. 

Abbreviations of the titles of publications should conform to the standard set 
by the United States Department of Agriculture given in U. S. Dept. Agr., Mise. 
Pub. 337, April, 1939. 

For uniformity of punctuations the references should conform to the following 
example: (1) Jongs, L. W., anp SmirH, J. D. Effect of Feed on Body of Butter. 
Jour. Darry Sct., 24(4) 550-570. 1941. 

References should be carefully checked for accuracy by the author. 
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with the 
smaller 
plate 

Entirely new in design, the ee 
CP Stainless Steel MULTI- 

PASS Plate Heat Exchanger , 

with its smaller plates lends itself to more flexible flow ar- 
rangements thus permitting use of minimum surface with 
minimum investment for the particular duty whether it be 
heating, cooling or HTST pasteurizing. 

Creamery Package now makes it possible for smaller plants 
to afford all the advantages of the larger plate heat exchange 
units. It also makes it possible for the large plants to have a 
most economical heat exchanger for single or double duty heat- 
ing or cooling applications on milk, cream, ice cream mix and 
evaporated milk. 

Ask for full details on the new, compact, efficient CP Multi- 
Pass Heat Exchanger with the smaller plate! 


CREAMERT PACKAGE MEG. CO. OF CANADA, LTD. 
267 King West, Terente 2, Ontarie 


General and Export Offices: 1243 W. Washington Bivd., Chicago 7, Iilinols aot 
Atlante + Boston Buflele Chicege Dalles + Denver Heuston + Kenses City, Me. + Los Angeless ay 
Minneapolis Nashville New York Omahe  Philedeiphie + Pertiend, Ore. St. Lovise 
Selt Lake City Sen Frencisce + Seattle + Telede, Obie + Wateriee, te. 
Avery House, Clerkenwell Green, London, Englend - 


LACTOBACILLUS ACIDOPHILUS 
Isolation and Cultivation 


Bacto-Trypsin Digest Acar is an excellent culture medium for 
propagation of Lactobacillus acidophilus. The medium is 
prepared according to the formula of Cheplin. It is widely 
used for estimating the degree of intestinal implantation of 
L. acidophilus and is well suited for isolation of acidophilus 
strains and for carrying stock cultures. 


Bacto-Tomato Juice Agar is prepared according to the formula of 
Kulp and White. The ability of this medium to support 
luxuriant and characteristic growth of L. acidophilus makes 
it particularly well adapted for use in establishing the number 
of viable organisms in acidophilus products. This medium 
is also used extensively in determining the degree of 
implantation of the organism. 


Bacto-Sxim MILK when prepared for use is an excellent medium for 
propagation of stock cultures of Lactobacilli. A 10 per cent 
solution of this product is equivalent to a high grade skim 
milk. 


Bacto-PEPTonizED MILK contains degradation products of the proteins, 
albumins and globulins of milk. It supports rapid and 
luxuriant growth of the Lactobacilli. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media. 


Dirco LABORATORIES 


DETROIT 1, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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